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PULMONARY CARCINOMA IN CHROMATE WORKERS 
1. A Review of the Literature and Report of Cases 


ANNA M. BAETJER, Sc.D. 
BALTIMORE 


NUMBER of papers have been published during the past 15 years 

which indicate that some chromium compounds may play a role 
in the pathogenesis of pulmonary carcinoma. This is one of the few 
instances in which a nonradioactive metallic compound has been sug 
gested as a factor in lung cancer ; hence it is important to examine the 
information available on this subject. In this paper the literature on the 
relation of chromates to lung cancer will be reviewed, and cases which 
have been described in the literature or which are known personally to 
the author of this review will be summarized. Since almost all the 
reports on this subject have been published in the German literature, 
often in journals which are rather inaccessible in this country, the 
German papers will be quoted in detail, whereas the papers from this 
country will be reviewed only briefly 


NUMBER, LOCATION AND INCIDENCE OF KEPORTED CASES 

Cases in Germany.—The first two cases of lung cancer in German 
chromate workers ' were observed in 1911 and 1912 but were not 
published until 1932.* These men had been emploved in an old chromate 
plant of the I. G. Farbenindustrie at Ludwigshafen which was closed in 
1923. It was stated * that they had worked in that section of the plant 
where bichromates were used for oxidizing anthracene and its derivatives 

From the Department of Environmental Medicine, School of Hygiene and 
Public Health, The Johns Hopkins University 

1. The term “chromate workers” is used throughout this paper to designat 
persons who had been exposed to chromium compounds in their occupation. 

2. Lehmann, K. B.: Ist Grund zu einer besonderen Beunruhigung wegen de« 
\uftretens von Lungenkrebs bei Chromatarbeitern vorhanden? Zentralbl i 
Gewerbehyg. 19:168, 1932. 

3. (a) Gross, E.: Lungenkrebs durch Arbeit in Chromate herstellenden 
Betrieben Technischerteil. Bericht tiber den VIIL internat. Kongress fiir Unfall 
medizin u. Berufskrankheiten (Sept. 1938) Leipzig, Georg Thieme, 1939, vol. 2 
p. 973. (b) Pfeil, E.: Lungentumoren als Berufsenkrankung in Chromatbetrieben 
Deutsche med. Wehnschr. 61:1197 (July) 1935: abstracted, Monatsschr { 
Krehsbekampf. 5:316, 1937 
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into compounds with a quinone structure in the manufacture of alizarin 
dyes. The reduced chromium was regenerated into a bichromate, chromic 
acid or chrome alum. In 1935 Pfeil * reported that five additional cases 
had occurred about 1930 to 1935 from the same plant. He did not state in 
which part of the plant these men had been employed, nor their occupa- 
tion since 1923, There were, therefore, seven cases in all reported from 
this plant. 

l'wenty cases of lung cancer in chromate workers were reported * to 
have occurred between 1929 and 1938 in another old chemical plant 
which was closed in 1931 (the I. G. Farbenindustrie at Griesheim ). 
(nly 10 of these patients were employed in the chromate-producing 
section of the plant. One of these 10 workers had left the chromate 
industry and had worked in the aniline industry for five years preceding 
the diagnosis of cancer.” The remaining 10 men did not work directly 
in the chromate plant, but it was claimed that they had been exposed 
intermittently to chromates. The latter group included one welder, one 
blacksmith, one glazier, two drivers (horse and automobile) and five men 
who had worked in the sulfuric and hydrochloric acid plant near the 
chromate plant. The German authors expressed the belief that the latter 
group ot workers had had a significant exposure to chromates because 
one of them had perforation of the nasal septum and another had per- 
foration of the nasal septum and also showed chromium in the lungs at 
autopsy. Although one of the patients who came to autopsy appeared to 
have a primary carcinoma of the pancreas which had metastasized to the 
pleura, he was included in the German reports as possibly having a 
primary tumor of the lung as well, 

In addition to the 27 cases of lung cancer reported from these two 
old plants, several other cases were described in the German literature 
between 1936 and 1938. Teleky ® reported one case but did not give the 
location of the plant. Alwens and Jonas reported that one case had 
occurred in the plant of the I. G. Farbenindustrie at Uerdingen and one 
at Bitterfeld and possibly one at Leverkusen. However, the report of a 


4. (a) Alwens, W., and Jonas, W.: Der Chromat-Lungenkrebs, Acta Union 
internat. cancer, 3:103, 1938. (hb) Alwens, W Lungenkrebs durch Arbeit in 
Chromat herstellenden Betrieben. Klinscher Teil. Bericht iber den VIII Internat 
Kongress fur Untallmedizin u. Berufskrankheiten (Sept. 1938), Leipzig, Georg 
Thieme, 1939, vol. 2, p. 973 


5S. Fischer, R.; Die industrielle Herstellung und Verwendung der Chromver 
tindungen, Schriften aus der Institut fiir Gewerbehygiene no. 14, Berlin, Seydel, 


1911 


6. Teleky, | Krebs ber Chromarbeitern, Deutsche med. Wehnschr. 62:1353 
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British survey of “Industrial Medicine in German Factories” * made in 


1947 stated that there had been 10 cases of lung cancer in the chromate 
plant of the I. G. Farbenindustrie at Leverkusen. Of the 10 patients, 
seven had already died, and three were ill at the time of the survey. This 
same report stated that “in the past 30 to 40 years, there had been 14 
cases of cancer of the lung” in the chromate plant at Uerdingen. No 
further description of these cases was given. Therefore, at least 52 cases 
of cancer of the respiratory tract have been reported among the workers 
in the chromate-producing plants of Germany. All these cases appear 
to have been diagnosed as pulmonary carcinoma except one which was a 
case of cancer of the maxillary sinus. 

In 1943 eight cases of pulmonary carcinoma were described by Gross 
and Kolsch* as having occurred in three chrome pigment plants of 
Germany, and two cases in another similar plant were published by 
Letterer, Neidhardt and Klett ® in 1944. 

The only case in the German literature which was not from either 
the chromate-producing or the chrome pigment industry was described by 
Baader. 


10 


The patient had applied chrome pigment by hand or by spray 
for many years. The type of compound used was not mentioned. 

No data have been published in the German literature on the death 
rates due to lung cancer in chromate workers, or on the incidence of 
lung cancer in chromate workers as compared with other workers 
\ttempts were made to obtain some figures, but these were of little value 
\lwens and co-workers '' reported that from 1929 to 1936 there had 
been 19 or 20 cases of lung cancer among the chromate workers of 
Griesheim. In the same locality, with a population of 13,000 men, there 
had heen in the last 30 years only three or four deaths from lung cancer 
among the men who were not employed in the chemical industry. The 
latter figures were obtained by a questionnaire sent to the doctors in the 
community, Gross ** stated that the German plants producing chromates 


7. Goldblatt, M. W., and Wagstaff, V. A. ] Aspects of Industrial Medicine 
and Hygiene in German Chemical Factories, British Intelligence Objectives 
Sub-Committee Final Report, no. 1501, 1947, item 24 

8. Gross, E., and Kélsch, F.: Ueber den Lungenkrebs in der Chromfarben- 
industrie, Arch. f. Gewerbepath. u. Gewerbehyg. 12:1 and 164, 1943. 

9. Letterer, E.; Neidhardt, K., and Klett, H Chromatlungenkrebs und 
Chromatstaublunge, Arch. {. Gewerbepath. u. Gewerbehyg. 12:3 and 323, 1944 

10. Baader, E Serufskrebs: Neurere Ergebnisse auf dem Gebiete der Krebs 
krankheiten, 47 Vortrage, Leipzig, S. Hirzel, 1937, p. 104. 

Il. (a) Alwens, W.; Bauke, E. E., and Jonas, W \uffallende Haufung von 
Bronchialkrebs bei Arbeitern der chemischen Industrie, Arch. f. Gewerbepath. u 
Gewerbehyg. 7:69, 1936; abstracted Minchen. med. Wehnschr. 83:485, 1936 
(hb) Alwens, W., and Jonas, W.: Ein weiterer Beitrag zur Frage des gewerb 
lichen Lungenkrebses, Arch. f. Gewerbepath. u. Gewerbehyg. 7:532, 1936: foot 
note 4a. 
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since 1880 had employed about 2,000 men, of whom 1,000 had worked 

in the chromate industry only a short time. He indicated that the 39 

cases of primary pulmonary carcinoma occurred in the other 1,000 men . 
who had worked for a long period in contact with chromates. 


In contrast to the above reports, there were a few investiga 


tions in the chromate industries of Germany which did not reveal the . 


presence of pulmonary cancer in the workers.'* For example, although 


Lukanin ‘*® performed physical examinations with roentgenologic and 


laboratory studies on 350 workers in a German chromate-producing 


plant in 1930, no mention of bronchial carcinoma was made. Lehmann ' 
summarized the literature on the relation of chromium to health im 1913 
and again in 1932 but did not mention any cases of pulmonary cancer. 


Cancers of other tissues in chromate workers were reported in only 


a few instances. Teleky * expressed the opinion that there was a high 
rate of cancer of the digestive tract, as well as of the lungs, in chromate 
workers, since he found five such cases in men who had worked in a 
chromate plant from two to 26 years. Nothing was known concerning 
the exposure in one of these cases, and in another the patient died 13 
vears after cessation of exposure. No other such cases appear to have 
heen reported in the German literature. 

No cases of cancer of the skin were reported in the chromate workers, 
although chromium compounds frequently caused dermatitis and severe 
ulcers of the skin, 

The German literature, therefore, suggested that some factor in the 
occupation may have been responsible for the bronchogenic carcinomas 
of these chromate workers. Hlowever, it did not provide any definite 
proof either that the incidence of pulmonary carcinoma was abnormally 
high in the chromate-producing industry or that the chromate compounds 
alone were the responsible substances. \ number of the men in whom 
lung cancer developed were exposed also to other substances, some ot 
which may have been carcinogenic, such as anthracene and its derivatives 


or the quinone compounds 


Cases in the United States. Vhe first study of lung cancer in 


chromate workers in this country was made in 1948 by Machle and 
ia 


(jregorius '* at the request of the chromate-producing industry. Death 


from cancer of the respiratory tract was reported to have occurred in 


12. (a) Lehmann, K. B.: Die Bedeutung der Chromate fur die Gesundheit 
ler Arbeiter, Schriften aus dem Gesamtgebiet der Gewerbehygiene, no. 2, p. 1, 
terlin, Springer-Verlag, 1914. (5) Lukanin, W. P.: Zur Pathologie der Chromat 
Pneumokoniose, Arch. f. Hyg. 104: 166, 1930. (c) Lehmann? Pfeil.*» 
Fischer* 


13. Lehmann, footnotes 2 and I2a 


14. Machle, W., and Gregorius, F.: Cancer of the Respiratory System in the 
United States Chromate-Producing Industry, Pub. Health Rep. 68:1114, 1948 
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42 employees from tive chromate-producing plants in the United 
States between 1937 and 1947. Machle’s group included a small number 
of cases in which the cancer was located in the upper respiratory tract 
or the oral region, but the majority were cases of bronchogenic carci- 
noma. Mortality data were obtained from records of the group life 
insurance policies of these chromate companies and were compared with 
similar data from industrial policyholders of the Metropolitan Life 
Insurance Company and from other industrial groups. Analysis of 
these data showed that 21.8 per cent of all deaths in the chromate- 
producing plants were reported as due to cancer of the respiratory 
system, compared with 1.4 per cent for the control group. The crude 
death rate for cancer of the bronchi and lungs was 2.63 deaths per 1,000 
males per year in the chromate group, compared with 0,09 in the control 
group. 

There was no evidence in Machle’s study that the cancer rates for 
other tissues, exclusive of the upper and lower respiratory tract, were 
excessively high in the chromate-producing industry. He reported that 
the percentage of all deaths due to cancers of tissues other than those of 
the respiratory tract was 12.4 per cent for the chromate industry and 15 
per cent for his control group. The annual number of deaths per 1,000 
males for cancer of the digestive tract and for locations other than the 
respiratory and digestive tracts was 1.18 and 0.09 for the chromate 
producing plants, compared with 0.59 and 0.05 per cent for the control 
group. 

Another investigation of pulmonary carcinoma in chromate workers 
was made by Baetjer.’* This study was based on the records of two 
Baltimore hospitals located near a chromate-producing plant. The num 
ber of chromate workers among the lung cancer patients of these two 
hospitals during the past 15 to 20 years was compared with the number 
of chromate workers among other hospitalized groups selected as con- 
trols. Statistical analysis indicated that the percentage of chromate 
workers in the lung cancer group was significantly higher than the 
percentage of chromate workers in other hospitalized groups, used as 
controls, or than would be expected from the number of men who were 
employed at the chromate-producing plant 

In this study of hospital records, four cases of pulmonary carcinoma 
in men who had worked at the chromate-producing plant in Baltimore 
were found, which had not been published. They were not included in 
Machle’s study, since these men had left the industry before they became 
ill. Five other employees have received workmen’s compensation in 
Baltimore since Machle’s study. Thus, nine cases, not previoush 
reported, are known to Baetjer. 

15. Baetjer, A. M.: Pulmonary Carcinoma in Chromate Workers: IL. Incidence 
on Basis of Hospital Records, Arch. Indust. Hyg. & Occup. Med. this issue, p. 505 
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saetjer also found a case of pulmonary carcinoma with an occupa- 
tional history of exposure to chromium compounds and other metals in 
another type of industry. 

\ third study of pulmonary carcinoma in chromate workers was 
made by Mancuso '* in 1949. He examined the records of all employees 
who had worked one year or more between 1931 and 1949 in a chromate- 
producing plant in Ohio, to determine the number that had died and the 
causes of death as listed on their death certificates. Of the 33 chromate 
workers in this group who had died, six, or 18.2 per cent, had had a 
diagnosis of pulmonary carcinoma. In a control group consisting of all 
males who had died between 1937 and 1947 in the county where the 
chromate plant was located, the percentage of all deaths due to cancer of 
the respiratory system was only 1.2. Since the cases reported in this 
study may have been the same as those in Machle’s paper, they are not 
meluded in the total number given below However, Hueper,'’ in 
reviewing Manecuso’s work, stated: 


In a group of 20 deceased former chromate workers who had been employed 
for more than 6 months and who had a latent period after cessation of exposure 
tor at least 4 years, 4 died with cancer of the lung, 1 with cancer of the maxillary 
sinus, | with cancer of the colon and 1 with leukemia Chus, the respiratory 


cancer death rate in this group stands at 25 per cent of the total death rate 


since these workers had left the chromate plant four or more years 
before their death, they could not have been included in Machle’s study : 
hence, the five cases of cancer of the respiratory tract are included in the 
total figures 

In spite of the high incidence of skin ulcers in persons who worked 
with chromates and chromic acid in the early days of the industry no cases 
of cancer of the skin have been reported in the literature of the United 
States 

The papers published in the United States, therefore. present con 
vineing data indicating an etiological relationship between exposure to 
chromates in the chromate-producing industry and cancer of the res 
piratory tract. Thus, they suppert the initial observations of the German 
authors 


Cases in Other Countries—A survey of the English and French 
medical literature from 1914 to the present time revealed no reports of 
pulmonary carcinoma in persons exposed to chromium or its compounds 
During the past year Bidstrup '* made a study of all the chromate-pro- 


16, Maneuso, T. F.: Occupational Cancer Survey in Ohio, in Proceedings of 
the Public Health Cancer Association, Oct. 24, 1949 


17. Hueper, W. C.: Present and Potential Occupational Cancer Hazards and 
Carcinogenic Operations in Modern Industry, South. M. J. 4$:118, 1950 


18. Ridstrup, P. 1 Personal communication to the author 
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ducing plants in Great Britain. No cases of pulmonary carcinoma in 
chromate workers had been recorded, but one case of pulmonary 


carcinoma occurred during the study. One case of cancer of the nose in 
a chrome pigment worker was reported in Scotland in 1890." The 


lesion was described as an adenocarcinoma of the inferior turbinate. 


Kolsch 


stated that he had known one patient with pulmonary car- 
cinoma among the Swiss chromate workers. Since nothing further is 
known concerning the Swiss and English cases, these are not included in 
the analyses given below. 


Total Number of Reported Cases.—From the preceding review it 
appears that approximately 122 cases of cancer of the respiratory tract 


have been reported among workers with an occupational exposure to 
1 I 

chromium compounds. Of the 122 patients, 109 worked in the chromate 

producing industry, 11 in the chrome pigment industry and 2 in other 


industries. Sixty-three of the cases occurred in Germany, 57 in the 
United States and 1 each in Switzerland and England. 


DISTRIBUTION OF CASES OF LUNG CANCER BY AGE, DURATION OF 


INTERVAL OF 


EXPOSURE 


AND 


BETWEEN EXPOSURE AND 


ONSET OF 


DISEASE 


The age, date of death, duration of exposure, latent period between 
beginning of exposure and onset of the disease, and the length of survival 


after diagnosis were given by Gross“ for 39 of the cases from the 


German chromate-producing industry. These data are presented in 


appendix 1. Similar data are given in appendix 2 for the 10 cases 


from the German chrome pigment industry, and in appendix 3 for the 9 


cases from the chromate-producing industry in the United States which 


are known to Baetjer. The data for Machle’s cases have been pub 


lished '* and are not reproduced here. In the following discussion the 


42 cases presented by Machle and eight of the cases listed in appendix 


3 will be combined and treated as one group from the chromate producing 
. industry in the United States. Thus, the data will be considered in 


three groups: (1) the German cases from the chromate-producing 


industry, (2) the German cases from the chrome pigment industry and 


(3) the United States cases from the chromate-producing industry, 


The age distribution of the cases is summarized in table 1. There was 


no great difference between the age distribution of the German and that 


19. Newman, D.: A Case of Adeno-Carcinoma of the Left Inferior Turbinated 


Body and Perforation of the Nasal Septum in the Person of a Worker in Chrome 
Pigments, Glasgow M. J. 33:469, 1890 

20, Kolsch, F.: Lungenkrebs und Beruf, Acta Union internat. contre 
3:243, 1938. 
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of the United States cases from the chromate-producing industry with 
the exception that more of the German cases fell in the older age groups. 
The youngest age at which pulmonary carcinoma occurred in these two 
groups was 29 years and the oldest 72 years. The average age was 52 
years, with 65 per cent of the patients over 50 years of age. The average 
age of the 10 patients from the chrome pigment industry was 43 : 
years, with 80 per cent below the age of 50 years. The percentage of 
cases in each age group is plotted in the chart for all the cases from the 
chromate-producing and chrome pigment industries in the United States 
and Germany. For comparison, the percentage of deaths due to cancer 
of the respiratory tract among males in the United States for 1940 is 
plotted in the chart for each age group. This particular year was chosen 


Taste l.—Age Distribution of Cases of Pulmonary Carcinoma 


Cases 
Chromate Producing Industry Chrome P'gment 


- ~ Industry, 
Age, Yr Germany United States Germany Tota! 


Total no. of cases 


Ay. age... 52 yr 


for comparison because half the cases occurred before and half after 1940. 
The age distribution curve for the chromate workers was similar 


to that for the general population except that it was shifted toward 


; the younger age period. To determine whether this difference in 5 
the age distribution was significant, statistical calculations *' were 
21. In the X? test, the value of P was found to be approximately 0.05; i. e., the 
probability of obtaining the observed differences in the age distributions of the 
chromate cases and the general population by chance alone was about once in 20 
times (Hill, A. B.: Principles of Medical Statistics, ed. 4, London, The Lancet 
Ltd., 1948, p. 125). In the test for the significance of the difference between two 
means, the value of = proved to be greater than 2. In considering these calcu 
lations it should be noted that there were several conditions which might affect these 
data. For example, there may have been more older men who actually belonged 
in the chromate group than were included in these figures, since chromate workers 
who had retired before the onset of lung cancer would not usually be known. The 
effect of this factor on the age distribution could not be measured. 
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made, using both the chi-square test on the distributions and the usual 
test for the significance between two means. It was possible to test this 
only for the cases in the United States, since the age distribution of lung 
cancer deaths in the German population was not available. The calcula- 
tions indicated that the age distribution curve for the chromate cases in 
the United states was probably significantly lower than that for cases in 


the general population as regards white males. The number of nonwhite 


males in the group was too small to be significant. 

The duration of exposure, i. e., the length of employment in the 
chromate industry, varied greatly for the different individuals. The 
shortest peviod recorded was four years and the longest 47 years. These 
figures are presented in table 2. The average duration of employment in 
the German chromate-producing group was 22 vears. This was much 


of cases 


PERcenT 


The age distribution in lung cancer in chromate workers of the United States 
and Germany compared with the age distribution of lung cancer cases in males 
of the United States (deaths in 1940) 


longer than the average of 16 years in the United States cases and the 


average of 12 years in the German pigment cases 


TasLe 2.—Duration of Employment in Chromate Industries 


(Cases 


Chromate- Producing Industry Chrome Pigment 
Industry, 

Germany United States Germany 

G 

15 

10 

6 


‘4 


Av. duration. 


: 

3 

| 

| 

4 
| 

4 

| — | 
Years 
O5.... 
6-10... 

11-15 
16-20... 

21-25. 

36-40. . 
41-45 

; 2 F ‘ 
yr. li yr 12 yr. 
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The latent period, or the interval between the beginning of the 
exposure and the onset of the disease, varied from four to 47 years. 
The latent period averaged 27 years for the German chromate cases, . 
17 years for the United States cases and 15 years for the chromate pig- 
ment cases (table 3). It is possible that the variation in the latent 
period was related, in part at least, to differences in the degree of expo- - 
sure, but no data were available to measure this. 

The time interval between the end of employment in the chromate 
industry and the onset of the illness is shown in the appendixes. Many 
of the workers became ill while still employed in the chromate industry 


Paste 3.—I/nterval of Time between Beginning of Chromate Exposure 


and Onset of Illness 


(Cases 
Chromate Producing Industry Chrome 
Pigment 
Germany United States Industry 


interval loyr 


or within a year after they had left the plant. However, there were 
some men whose employment in the chromate plant ended many years 
preceding the diagnosis of cancer. Gross reported cases with 12, 


18, 27 and 31 years between the end of exposure and the diagnosis, 


and Baetjer '* found one case with a 15 vear and another with a 22 


; vear interval, It is not possible to say that these cases with long latent . 
periods were related to the chromate exposures. However, if this was 
the case, then it is probable that more of the chromate workers died 
of lung cancer than were known to the plants. 


CLINICAL DESCRIPTIONS 


Clinical histories were published for only a few of the German cases, 
but the more common symptoms were listed in several papers.*? Machle 
and Gregorius ‘* did not give any description of the cases in their mortality 


22. Kolsch, F.: Erkrankungen an Lungenkrebs in Betrieben der Chromater- 


zeugung, Arbeit und Gesundheit. 29:377, 1936. Alwens.*> 
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study. In the study of hospital records made by Baetjer,’® 22 cases of 
pulmonary carcinoma were found with occupational histories of exposure 
to chromates, chiefly in a local chromate-producing plant (12 of these 


cases were included by Machle and Gregorius in their study). A review 


of these 22 cases indicated, as did also the German descriptions, that the 


clinical symptoms of pulmonary carcinoma in these chromate workers 
did not differ from those usually associated with lung cancer. Chest 


pain, loss of weight, cough, dyspnea, frequent colds and other forms of 


respiratory distress were the most common symptoms, but not all of 


these were present in every case. In some instances all the clinical 


symptoms could be referred to the metastatic tumors, with no symptoms 


from the primary lesion. The only finding in these cases peculiar to the 
occupational exposure was perforation of the nasal septum, which 
occurred in 17 of the 22 cases. 


In common with the natural history of carcinoma of the lungs, the 


period between the onset of symptoms and death in these 22 cases 


was brief. The shortest interval was two weeks and the longest, 21 


months, with an interval of less than five months in 14 of these cases. 


The length of time between diagnosis and death was one month or less 


in 13 cases, In 12 of the German cases, for which data were available. the 


shortest period between diagnosis and death was less than one month 


and the longest was less than two years. The interval was between one 


and five months in the majority of cases. 


PATHOLOGICAL FINDINGS 


\t least 17 of the cases from the German chromate-producing 


industry came to autopsy. The lung cancers were described as broncho- 


genic carcinomas. Alwens *” stated that 79 per cent of the cases were 


squamous epithelial carcinomas and 21 per cent were gland cell carci- 


nomas. Hueper ** summarized the types of carcinoma found in nine 


¢ German cases as squamous cell carcinoma in four, round cell carcinoma 


in two, adenocarcinoma in two and oat cell carcinoma in one. The 


tumors were located in the right lung in 21, or 62 per cent. of the 
g 


. cases reported by Alwens *” and in the left lung in 13, or 38 per cent, of 


the cases. Metastasis occurred in almost all cases.** 


In 11 of the 22 Baltimore cases studied by Baetjer, autopsies had 


been performed and in 10 of the 11 cases microscopic pathologic changes 


23. Hueper, W. C.: Occupational Tumors and Allied Diseases, Springfield, I11. 
Charles C Thomas, Publisher, 1942. 


24. Alwens*® Baader.’ Alwens, Bauke and Jonas.’'4 
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were observed. In six additional cases, tissues from operations, biopsies 
and bronchoscopic examinations or pleural fluid samples were available 
for study. In all cases in which autopsies were performed the tumors 
were described as bronchogenic in origin, except in one case in which 
two apparently separate tumors were present, one in a bronchus and the 
other in the pleura. The bronchogenic tumors appeared to arise chiefly 
from the main bronchi. The right lung was more frequently involved 
than the left, with 15, or 68 per cent, of the tumors on that side. The 
histological diagnoses were given as follows : oat cell, six cases ; squamous 
cell, five cases; undifferentiated epithelial cell, 4 cases, and anaplastic 
type, 2 cases. In the one case in which there were two distinct tumors, 
the carcinoma of the pleura was oat cell in character, whereas that of 
the bronchus was squamous cell. Metastasis was recorded in 12 of the 22 
cases, the most frequent locations being thoracic lymph nodes (10 cases). 
pancreas (6), abdominal lymph nodes (6), kidney (6) and liver (5) 
Pleura, adrenals, central nervous system and bones were occasionally 
involved. In seven cases there was generalized metastasis throughout 


the body. Extensive invasion of all thoracic organs occurred in some 


Cases. 


The pathological reports which were given for eight of the 10 cases 
from the German chrome pigment industry ** were similar to those for 
the other cases. Microscopic observations in two cases demonstrated the 
tumors as being undifferentiated blastomas. 


CHEMICAL ANALYSES OF TISSUES 


The lung tissues of a few German cases were analyzed for chromium, 
but it is difficult to interpret the results \lwens and Jonas “ and 


\lwens *” 


reported the results of chemical analyses of the lungs in three 
cases of pulmonary carcinoma in chromate workers. In one case the 
chromium content of the left lung was 16.3 mg. and that of the right lung 


6.3 mg. In a second case, 2 mg. of chromium was recovered from 


the upper part of the lung. In the third case, 1 mg. of chromium 
was found in the left lung, but no chromium was obtained from the tumor 
itself. More chromium was present in the hilar than in the peripheral 
regions of the lungs. In three cases in which there had been no exposure 
to chromium, the lungs were either free or contained only traces of 
chromium, Analysis of blood from two chromium workers with cancer 
gave values of 25.6 and 32.7 yg. of chromium per 100 cc. One chromate 
worker without cancer had only a trace of chromium in his blood. Six 
cogtrols had values ranging from 0 to 2.02 wg. of chromium per 100 ce. 


Gross and Kélsch 


Letterer, Neidhardt and Klett.® 
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Letterer and associates ° compared the amounts of chromium in the 
blood and the tissues of two chromate workers with cancer and two 
without cancer. The values determined by spectrographic and gravimetric 
procedures differed so greatly that little reliance could be placed on the 
results. However, the chromium content of the tissues did not appear 
to be related to the presence or the absence of cancer or to the duration 
of exposure to chromium compounds. The tumors contained less 
chromium than tissue from other areas of the same lungs. 

In connection with these analyses it should be noted that Dingwall 
and Beans ** found chromium in a number of benign tumors and cancers 
of various types from persons with no known exposure to chromates 
Phe concentrations ranged up to 0.25 per cent of the ash 


TYPE AND EXTENT OF EXPOSURE 


Chromate-Producing Plants.—Yhe process used in the German 
chromate-producing plants, as described by Gross “ and Pfeil,®” consisted 
of grinding and mixing the chromite ore with soda ash and caustic 
lime. The mixture was heated to a high temperature with air, which 
oxidized the trivalent chromium in the iron chromite, FeO.Cr,O,, 
to hexavalent chromium as sodium chromate. After the melt, or 
roast, had cooled, the monochromate, Na,CrO,, was leached out of 
the melt. In the next step, the monochromate liquor was treated with 
sulfuric acid to form bichromate and sodium sulfate. The bichromate was 
crystallized by evaporation, dried and crushed. The chief exposures, 
therefore, were to the dust from the chromite ore, monochromates, 
bichromates, chromic acid, soda ash, caustic lime and sulfuric acid 
As described above (page 488), in some of the German cases the patients 
had been exposed to other chemicals in the old plants. According to 
Gross, the chromite ore contained no radioactive materials. 

No accurate data were avaliable regarding the concentrations of 
chromium dust to which the German patients were exposed. Lehmann * 
reported that the average concentration of chromium in a chromate plant 
varied from 0.1 to 0.5 mg. of chrome per cubic meter of air but quoted 
Fischer as finding variations from 0.1 to 37.2 mg. Lukanin '*" stated 


26. Dingwall, A., and Beans, H. | Chromium in Tumors, Am. J]. Cancer 
16:1499, 1932: A Spectrographic Study of the Occurrence of 


Chromium and 
Molybdenum in Carcinoma of the Human Breast, Proc. Nat Acad. Sc. 20:416, 
1934. Dingwall, A.; Crosen, R., and Beans, H. J.: Studies on Chromium 
I. Quantitative Determination of Chromium in Human Tumors, Am. J] 


21:606, 1934. 


27. Lehmann, K. B.: Arbeits und Gewerbehygiene, in Rubner, M.: Gruber 
M. von and Ficker, M.: Handbuch der Hygiene, Leipzig, 1919, vol. 4, pt. 2 
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that the concentration of monochromate varied from 5 to 40 mg., and 
that of bichromate up to 50 mg., per cubic meter of air, Since the 
modernization and sanitation of the industry did not begin until 1926, : 
it is probable that the concentration of chromium in the air of the two 
old plants, which were closed in 1923 and 1931, was high. The majority 
of the cases of cancer occurred in these plants. Monochromates, bichro- 
mates and chromic acid were considered by the German authors to be 
the responsible factors in the pulmonary cancers. The chrome iron ore 
(chromite) was believed to play no role in this, since no cases had been 
reported in the chrome ore miners who were exposed to large amounts 
of chromite dust. Kolsch ** expressed the belief that chrome iron ore was 


i not harmful, since it is very insoluble in the body. Gross “ considered 
i that the dust from the cooled alkaline monochromate melt was the 
& important compound rather than the bichromates, since no cases of 
H lung cancer had occurred in the various industries which used bichro- 
; nmiates tauer ** thought that the responsible substance was the free 
i chromic acid or the bichromates. 

E The type of chromium exposure in the plants studied by Machle 
j was essentially the same as that described for the German plants. How- 


ever, in contrast with the German cases, no other materials suspected 


of carcinogenic action appeared to be present in these plants. Data on 


; the concentration of chromium in the air had been available only since 

i 1941. Variations from 0.01 to 21.0 mg. per cubic meter of air were 

| reported. Machle agreed with Gross “ that the compound responsible 

4 for the high incidence of lung cancer appeared to be the monochromate 

i rather than the bichromate, since one plant in his survey which handled 

: only sodium dichromate, chromic acid and a tanning compound (but no 

: monochromate) did not have any cases of cancer of the respiratory tract 

on record 
i Chrome Pigment Plants.—In the chrome pigment plants the process * 

i consisted chiefly in the manufacture of chrome pigments, lead chromate r 


(PbCrO,) and zine chromate (ZnCrO, © 7H,0)** from alkaline chro- 
mates, The basic materials were lead acetate (or litharge with acetic 
acid), zine oxide, sodium and potassium dichromate and sulfuric acid. In 
one plant boric acid was used in the manufacture of chrome green 


(Cr,Q,). The colors were made by mixing a solution of dichromate with 


footnotes 20 and 22 


28. Kolsch, 


29. Bauer, K. H Referat uber Berufsschaden und Krebs, Verhandl. 4d. 


deutsch, path. Gesellsch. 30; 238, 1937 

29a The zinc chromate pigment which is known as zine yellow has an 
analysis corresponding to the formula KsO 4Zn0O - 4CrO, 3H.O (Tarr, O. F 
Darrin, M., and Tubbs, L. G I. Am. Chem. Soc. 66:929, 1944). 
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a solution or suspension of the lead or zine salt. The pigments were 
filtered from the water suspension, washed, dried, milled and packed. To 


obtain other shades or colors, the chromate pigments were mixed with 
barite (BaSO,) or prussian blue (Fe,[Fe(CN),|,). The German 
authors *° expressed the belief that the dust from the dried pigments was 
responsible for the carcinogenic effect, particularly the zine chromate, 
because this is much more soluble than the lead or barium chromate. 
Furthermére, they stated that both the cation and the anion of this 
compound have strong corrosive action. 


THEORIES REGARDING THE MECHANISM OF ACTION OF 
CHROMIUM ON LUNGS 

Most German authors expressed the belief that the carcinogenic 
property of the chromate dust was due to its irritating effect. The follow 
ing symptoms indicative of chronic irritation were described ® as common 
among chromate workers in general: perforation of the nasal septum, 
inflammation of the upper and lower respiratory passages, rales, 
tracheitis, chronic bronchitis, chronic catarrh, predisposition to broncho 
pneumonia, enlargement of the hilar lymph glands and thickening of the 
hilus and nearby peribronchial and perivascular lung markings in the 
x-ray films. In connection with this “irritation” theory, it should be noted 
that silica dust, which produces marked irritation of the lung tissue and 
stimulates the growth of fibrous tissue, does not predispose to cancer of 


the lungs.*! 


Furthermore, the role of irritation in lung cancer is not 
known. In addition to the irritating properties, some German authors 
suggested that a systemic effect following absorption of the chromates 
might play a role. Age and individual susceptibility were also considered 
as factors. Hueper ** stated it was unlikely that chromium compounds, 
as such, were carcinogenic agents but suggested that they may act on 
some of the naturally occurring chemicals in the body, such as the biologic 


aromatic substances, in such a way that carcinogenic agents result. 


EXPERIMENTS ON ANIMALS 


The few studies which have been published on the effects of chromium 
compounds on the lungs of animals have not contributed any significant 
data concerning this problem. The literature on this phase of the subject 
will be reviewed in a later paper. 


30. Bauke, E., and Alwens, W Uber réntgenologische Lungen- und insbeson 
dere Lungenwurzelveranderungen bei Arbeitern der chemischen Industrie. Ver 
handl. d. deutsch. Gesellsch. f. inn. Med., 48th Kong., 1936, p. 199. Alwens and 
Jonas. Alwens, Bauke and Jonas.!)@ 

31. Vorwald, A. J., and Karr, J. W Pneumoconiosis and Pulmonary Carci 
noma, Am. J. Path. 14:49, 1938. Hueper.* 
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SUMMARY 


A survey of the medical literature indicated that cancer of the respira- 
tory tract has occurred in approximately 109 men employed in the . 
chromate-producing industry and in at least 11 men employed in the 

chrome pigment industry. Practically all the cases were reported in 

Germany and in the United States. No morbidity or mortality rates . 
were available for the German cases, but statistical studies in this country 

indicated that the rates for cancer of the respiratory tract were signifi- 

cantly higher in the chromate-producing industry than would be 

expected on the basis of comparable groups not exposed to chromates 

rhere were no data to indicate that persons exposed to chromates in 

other occupations were more than normally liable to cancer of the 

respiratory tract or that the incidence of cancer in other tissues was 

excessively high in chromate workers. 


The majority of the cancers in these chromate workers were broncho 
genic carcinomas, although a few were located in the upper respiratory 
tract. In clinical symptoms and pathological changes these cases did not 
: differ in any characteristic manner from cases of lung cancer in general 
4 The lung cancer cases. in the chromate workers of the United States 
showed a younger age distribution than is normally found for lung 
cancer cases among males in this country. Some cancers occurred in men 
who had been exposed to chromates only four years, but the majority 
did not appear until after many years of exposure. In most cases reported 
in the literature, the onset of illness occurred while the men were still 
employed at the chromate plant, but in some cases a number of years 
elapsed between the termination of employment and the onset of illness 
The concentration of chromates in the atmosphere of the plants where 
these men had worked was not known, since few measurements were 
made. However, since the majority of the men worked in old plants, 
they were probably exposed to high concentrations of chromates. 


The materials which were suggested as responsible for this carcino 
4 genic effect were the hexavalent chromium compounds in the form of : 
dust, particularly the sodium and potassium monochromates or dichro 
mates and zinc chromate. The mechanism of action is not known 
\dequate laboratory experiments on this problem are lacking at present 


CONCLUSION 


Che data presented in this review indicate that some material existed 
in the chromate-producing plants of Germany and the United States 
which predisposed the workers to pulmonary carcinoma. 


615 North Wolfe Street. 


Dr. Rowland Rider, of the Department of Biostatistics of the School of Hygiene 
ind Public Health, gave assistance in the statistical calculations. 
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industry 


(This table was prepared from a bar diagram which was reproduced on such a small seale in the original paper by 


Age at 
Onset of ——— 
Cancer (or Year 


Case Death), Yr. Begun 


1886 


5 (66) 


1901 
1905-1915 
1901° 
1001 (7) 
1800" 
1906* 
1908 
1908 
1908 
(43) 1908 
1909 
1911-1915 
1914-1917" 
1920 
1921-1930" 
1922 


1928 


* Oceasional exposure only. 
* Proved at autopsy to have primary cancer of a maxillary sinus. 


Exposure to 


Chromates 
Year 
Ended 


Duration 
of Expo 
sure, Yr 


19i2 23 
1910 
1926 
1926 
1901 
1930 
1932 
1930 
1906 
1926 
1925 
1926 
1928 
1931 
1907 
1932 
1981 
1982 
1919-1929 
1936 
1927 
1929 
1921 
1980 
1930 
1914 
198; 
1918-1981 
1917-193¢ 
1925 
1932-1938 
1936 
1987 


Time 
Between 
Beginning 
oft Expo 
sure and 
Onset of 
Cancer, Yr 


Gross ** that the dates could be only roughly estimated.) 


Time Between 


End of Expo 


sure and Onset 
ot Cancer, Yr 


Same year 


Same year 


None 


Same year 


Same year 

Same year 

Same year 
5 


Same year 


Same year 
Same year 
Same year 
1 
Same year 
Same year 


Same year 


Time Between 
and Death, Yr 
Same year 


Same year 


Same year 
Same year 
Same year 
Same year 
Same year 


Same year 


year 


Satne year 
Same year 
Same year 


Same year 


Same year 
Same year 
Same year 
Same year 
Same year 
Same year 
Same year 
Same year 


Same 


Same year 
Same year 
Same year 
Same year 
Same year 
Same year 
Same year 
Same year 


Same year 


Onset of Caneer 


Year 
ot Death 


19k 


‘ 
a2 1891 27 wis . 
al ; (50) “0 19853 
2 1893 18 1928 i 
1803* 35 3 1 1929 
12 6 1895¢ 38 ? i 
18 1921 16 6 

7 55 27 5 198 
> 42 9 

: 2» 2 22 year 198 

32 17 12 1987 
3 ot 17 198s 

e 1923 1996 13 193 
9 1926 1986 10 1986 
1927 1935 5 “ 
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Aprenpix 2.-Data on Cases of Pulmonary Carcinoma from 


German Chrome Pigment Industry 


Time 


Between 
Age at Beginning Time 
Crniset Exposure of Expo Between Time 
of Can to Chromates sure and End of Between 
eer (or Duration Onset of Exposure Onset of 
Death), Year Year of Expo- Cancer, and Onset of Cancer and Year 
(ase ¥r Begun Ended sure, Yr Yr Cancer, Yr. Death, Mo. of Deatt 


192! 
4 (09) 121 


1g22* 


1937 


None 
None 
None 


* Exposure not continnous 
Also mo. in chromate producing industry 


\prenmix 3.-—Data on Unpublished Cases of Pulmonary Carcinoma from 


United States Chromate-Produc 


na Industr Vv 


i Time 
Between 
4 Age at Beginning Time 
(inset Exposure ot Expo tetween Time 
2 of Can to Chromates sure and End of Between 
] cer (or Duration Onset of Exposure Diagnosis 
Death) Year Year of Expo- Cancer, and Onset of of Cancer Year 
Yr Begun Ended = sure, Yr Yr Caneer, Yr and Death of Death 


1963 


147 Same tnonth weeks 147 

1922 F Samemonth Same day 1947 
1915-198) 1993-1047 None 2% mo 1047 
35 12 12 None 1947 


1985 None imo 1985 


1928-1980 1982-1987 l mo 


1940 wks 


1916 


imo 


> mo 1948 


* Case ¥ Was not 
were not availatle 


inchaded in the summaries given in tables 2 and 5 since accurate dates 


* Case 10 was not Included in the summaries given in tables 1, 2 and ¢ since the exposure to ° 
chromates was not in the chromate-producing industry 


54 
1988 17 None 19 1920 
‘ (42) 1925 1990 St 1982 
1924 12 12 Nour 1 1937 
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PULMONARY CARCINOMA IN CHROMATE WORKERS 
ll. Incidence on Basis of Hospital Records 


ANNA M. BAETJER, Sc.D. 
BALTIMORE 


N RECENT years evidence has been accumulating to indicate that 

the incidence of lung cancer is higher among workers in the chromate- 
producing industry than would normally be expected.' However, the 
data available at present are subject to certain limitations. Between 
1932 and 1939 a number of cases of lung cancer were reported 
among men who had worked in the chromate-producing industry 
of Germany. This discovery led to the passage of a law making 
lung cancer a compensable occupational disease for the chromate- 
producing industry. A review of the German literature? however, 
does not reveal any definite proof that the incidence of lung cancer 
was significantly greater among workers in the chromate-producing 
industry than in the general population, since no morbidity or mortality 
rates were given. The first statistical evidence which supported this 
belief was a study of the incidence of lung cancer in the chromate- 
producing industry of the United States. This study was made by 
Machle and Gregorius * at the request of this industry and was published 
in 1948. Their report shows that the percentage of all deaths which 
were due to cancer of the respiratory system was 16 times greater in the 
chromate-producing industry than in a control group and that the crude 
death rate for cancer of the lung in this industry was 25 times the rate 
in the control group. Machle and Gregorius based their analysis 
on death records from group life insurance plans in operation at the 


chromate-producing plants and on personnel and medical information 


Presented at the eleventh Annual Meeting of the American Industrial Hygiene 
\ssociation, Chicago, April 26, 1950 

From the Department of Environmental Medicine, School of Hygiene and 
Public Health, The Johns Hopkins University 

1. The term “chromate workers” is used throughout this article to designate 
persons who had been exposed to the compounds of chromium in the chromate 
producing industry, unless otherwise designated 

Baetjer, A. M.: Arch. Indust. Hyg. & Occup. Med., this issue, p. 487 

3. Machle, W., and Gregorius, F.: Cancer of the Respiratory System in the 

‘nited States Chromate-Producing Industry, Pub. Health Rep. 63:1114-1127, 1948 
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supplied by the plants. The study covered the deaths occurring in the 
period from 1937 to 1947, Data for the control groups were obtained, 
in part, from the records of the industrial policyholders of the Metro- . 
politan Life Insurance Company for the year 1946 and, in part, from a 
publication on the mortality from cancer among male employees of an 
oil refining company from 1933 to 1938. 

\lthough the data used by Machle and Gregorius were the best 
available material, they were subject to certain inherent limitations; the 
numbers were so few that it was difficult to adjust the rates for age; 
the conclusion as to the cause of death was based in some cases on clinical 
findings alone, since autopsies were not performed in all cases; the 
control groups were not comparable in a number of respects to the 
chromate group, and, finally, workers who left the chromate industry 
before their illness were not included. In view of these limitations, it 
was decided to study this problem with an entirely different type of data 
The procedure selected was to analyze the distribution by occupation of 
the lung cancer cases in the hospitals of Baltimore, where a chromate 
producing plant is located, in comparison with the distribution by 
eccupation of other cases in the same hospitals 


METHODS 


['wo hospitals were chosen for this investigation, the Johns Hopkins Hospital 
and the Baltimore City Hospitals. Since certain selective factors influence the 
character of the patients in each hospital, a more representative group of cases was 
obtained by including these two different types of institutions in the study than was 


possible with one hospital. The data collected varied somewhat between these two 
hospitals because of differences in the available records, but the procedure in general 
was the same. 

At the Johns Hopkins Hospital the histories of all patients admitted with lung 
q cancer from 1925 to 1946 were examined. There were 595 such patients, including 
i both males and females, but only the males were included in this study since only 
men were employed at the chromate plant. Furthermore, only those cases in whic! 
the diagnosis of primary cancer of the lungs or bronchi was confirmed by histo 


pathological examination of biopsy or autopsy material were included in the analysis 


Even when an inoperable cancer of the lung was recorded at operation, the case was . 
not included unless the diagnosis had been confirmed by histological study. The 
number of males with a confirmed diagnosis of cancer of the lung was 198. If 
histopathological confirmation was present, the follow ing data were then transcribed 
from the history to individual record cards: name, address, age, sex (only males 
were included), race, occupation, place and duration of employment, character of 
exposure, clinical diagnosis, roentgenologic findings, biopsy and autopsy reports 
and all dates relative to the above facts. The cases were then analyzed for age an 
vearly distribution as a basis for selecting comparable control groups 

[wo control groups of males were selected for comparison. One of these was a 
random sample of all males admitted to the hospital who remained in the hospital! 
10 days or longer, excluding those admitted for traumatic injuries and psychiatric 
itness. This type of random sample was chosen because it was comparable to the 


ancer group in that the patients chose to come or were referred to the hospital for 
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more or less serious illnesses. Males with cholelithiasis were chosen as a second 
control group since this disease presents diagnostic problems, and thus these patients, 
like those with lung cancer, would seek medical advice at a large medical center. 
The cases in the two control series were selected 4 in such a way that their age and 
yearly distribution were the same as those of the lung cancer cases. Cases in one 
control series were not duplicated in the other; therefore, the two control series 
could be added together to give one large control group, as well as be treated as 
two separate smaller groups. The hospital histories of the control series were 
examined in the same manner as those of the lung cancer series. 

A similar study of lung cancer among males was made at the Baltimore City 
Hospitals for the years 1930 to 1948. There was a total of 264 such cases, in 92 
of which the diagnosis was confirmed by histopathology. Only one control series 
was selected at this hospital. This was a random sample of all males admitted 
to the acute disease division of the hospital, excluding those with traumatic injuries 
and psychiatric disorders. It was not feasible to differentiate these by length of stay. 
Again the control series was selected * with the same age and yearly distribution 
as the cancer series. 

The histories of all males with confirmed lung cancer and of the control males 
at both hospitals were carefully examined in detail to determine the present and past 
occupations as accurately as possible. The occupations were recorded usually on the 
admission sheets or in the ward admission histories taken by the intern and often 
repeated in the notes of the resident. 

All patients who stated that they had been exposed to chromium compounds 
in their work or who gave the name of the local chromate-producing company 
is their employer were considered as chromate cases, since all workers at. this 
plant are exposed to one or more of the chromium compounds 

In utilizing data of this type, a number of factors, such as selection in hospitaliza 
tion, recording of occupation, method of examining histories and other factors, could 
distort the results. These factors were controlled as far as possible in this study 
For example, a possible error could occur if the person surveying the records 
examined the histories of the cancer patients more carefully than those of the 
controls for details of the occupation. This bias was avoided by following exactly 
the same procedure in reading the cancer and the control histories and by examining 
every section of the histories 


4. Method of selection of random samples: The percentage of the lung cancer 
cases which occurred in each year of the survey was calculated for each age. The 
total number of cases desired for the random sample was selected. This total number 
was then multiplied by the percentage of lung cancer cases for each age and year 
to obtain ‘the number of control cases which would be required to give the same 
distribution in the random sample as in the cancer series. At the Johns Hopkins 
Hospital the rate of selection was determined by dividing the total number of 
discharges from the hospital for each year by the number of control cases needed 
from that year; e. g., one patient was to be selected by random sampling from each 
5.500 discharged, and so on. If the first patient selected from each group of dis 
charged patients fitted the requirements of age, sex, length of stay in hospital and 
was not the same individual as previously chosen, this was included in the contro! 


group. If the first patient did not fit the requirements, the next one who qualified 
im the group was used. At the Baltimore City Hospitals the random cases were 
selected by pulling the number of histories of patients of the desired ages and type 


from each yearly file beginning at the front of each file. These histories were 
arranged in order of dates of admission, but the number of histories pulled was 
sufficiently large so that the cases usually covered all months of the vear 
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One tactor which might have affected the recording of the occupation, and hence 
the results of this study, was the well known relation between perforation of the 
nasal septum and chromate exposure. It seemed possible that a doctor examining 
a patient with lung cancer might note the perforation of the nasal septum and thus 
ask the patient about exposure to chromium, whereas the perforated septum might 
he missed in diseases not involving the respiratory tract. It is doubtful if this 
attorded any error in this study, because physical examination of the nose is a 
routine procedure for all patients in these hospitals. Furthermore, careful examina 
tion of the histories indicated that the occupations of the chromate workers were 
given quite independently of the observation regarding the septal perforation. In 
the majority of the cases the occupation was given in a different section of the 
history, often on the admission sheet and before the septal perforation was noted 
This association of the nasal septum perforation with chromate exposure was 
used as a check on the occupation in the random sample cases at the Johns Hopkins 
Hospital. No persons in this series reported an occuational exposure to chromates 
Furthermore, none of these persons had a record of septal perforation. Thus, 
this finding supported the conclusion that there were no chromate workers in 
this group, On the other hand, with one exception, all the chromate workers 
in the hung cancer series had septal perforations 

\nother factor which might have affected the numbers of chromate werkers in 
the lung cancer groups was the possibility that the physician of the chromate- 
producing plant might have referred all workers suspected of having cancer to a 
particular surgeon or a particular hospital for surgical treatment or diagnosis 
This might have been true for the Johns Hopkins cases but would scarcely be true 
for the Baltimore City Hospital cases. However, examination of the hospital 
records indicated that none of the chromate workers in either of the lung cancer 
series were referred by the plant physician to either hospital 

Another error might have occurred if all of the chromate workers had lived 
near these two hospitals, since this might have accounted for their presence in the 
jung cancer groups. However, none of the four chromate workers found in the Balti 
more City Hospital series resided anywhere near that hospital and five of the 
seven chromate workers admitted to the Johns Hopkins Hospital resided nearer 
other hospitals. Thus, this factor could not have played a role in this study 

It would appear, therefore, that the data used in this study were not biased by 


any of these factors and were sufficiently accurate for this study 


RESULTS 


There were 198 males with confirmed lung cancer at the Johns 
Hopkins Hospital from 1925 to 1946. Seven, or 3.5 per cent, of these 
patients stated that they had been employed in the local chromate- 
producing plant. Four of these were employed by the plant at the time 
their illness developed; two had taken other jobs a vear or two before 
their deaths, and one had left the company some vears earlier. No 
chromate workers were recorded in either of the control series. which 
covered 226 random sample cases and 177 cholelithiasis cases. 

The Baltumore City Hospital study included 92 males with confirmed 
lung cancer from 1930 to 1948 and 499 male controls. Four patients, 
or 4 cent, of the lung cancer series had reported an exposure 


to chromium compounds, Three of these had worked in the local 
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chromate-producing plant up to the time of their illness, whereas one 
reported that he had been exposed to certain compounds of chromium 
and other metals in a large electrical company. None of the 499 controls 
had reported an exposure to chromium compounds. Since one of the 
four Baltimore City Hospital cancer patients had not been employed at 
the chromate-producing company, and since there is no evidence at 
present of an excessive lung cancer rate in persons using chromium 
compounds in other industries, the data were calculated not only with 
this patient included but also with this patient omitted. In other words, 
the statistical analyses were made on the basis of both three and four 
chromate workers. 

In order to determine whether the number of chromate workers in 
the lung cancer series was significantly higher than might be expected 
on chance alone, the data were tested in two ways, the results of which 
are discussed below. 

1. Comparison of the Percentages of Chromate Workers in the 
Cancer and Control Series——The differences between the percentage of 
chromate workers in the lung cancer series at the Johns Hopkins 
Hospital and the percentages of chromate workers in the random series, 
in the cholelithiasis series and in the two control series combined were 
determined. The standard errors of the differences were then calculated. 
Similarly the difference between the percentage of chromate workers in 
the Baltimore City Hospital lung cancer series and the percentage of 
chromate workers in this random series was calculated and the standard 
error of this difference computed. The calculations indicated that the 
differences between the percentages of chromate workers in the cancer 
and control groups were statistically significant for both hospitals; i. e., 
the differences were more than twice the value of their standard errors 
Since the numbers were small, the Yates correction far continuity was 
used in calculating the standard error. Even when the chromate workers 
at the Baltimore City Hospitals were limited to those who worked in 
the chromate-producing plant (i.e., only three chromate workers were 
included) the difference between the lung cancer group and the control 
group was statistically significant. The data are presented in table 1, 
columns B to FE. 

Since a large percentage of the patients at the Johns Hopkins Hos- 
pital were from other parts of the country, the Johns Hopkins data for 
those who resided in the city of Baltimore were analyzed separately from 
the data for the entire group. 


These data are given in table 2, columns 
to E. 


The difference between the percentage of chromate workers in 
the lung cancer series and that in the random series was again statis- 
tically significant. The number of Baltimore cases in the cholelithiasis 
series was too small to use here. Since workers in the city often live 


nitside the city limits similar calculations were made for Baltimore and 
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vicinity. The figures are not given in table 2, since they were approxt- 
mately the same as the Baltimore figures and the results equally 


significant. 


Tass 1.—Number and Percentage of Lung Cancer Cases with Occupational Exposure to ( hromates 
Compared with Other Hospitalized Groups 


All Cases Cases with Specified Occupation 
A 
Cnses with Cases with 
Total Chromai¢e Exposure Total Chromate Exposure 
No. of A xt No. of _ ~ x 
iroup. Cases Number Ber Cent ¢ Cases Number Per Cent g 
(A) (B) (D) (E) (PF) (G) (H) a 
ihe Jotns Hopkins Hospita: 
Lung cancer series* 7 3.8 184 7 3.0 
> Random sample 226 0 26 198 
Random + cholelithinsis cases 408 3.4 346 0 33 


altimore City Hospitals 
Lung cancer series* 


sample 499 0 4.0% 2045 0 3.63 
5.35 2.95 


* The lung cancer series included only those eases listed clin cally as cancer of the lungs or of the bronehi which wer 
Seconfirmed by microscopic examination of bicpsy or autopsy ctions 

; + This represents the difference between the percentage of cancer cases with ehromate exposure and the percentage of the 
S eontrol series with chromate exposure divided by the standard error of the difference, using Yates’s correction. The differ 


ence is considered statistically significant if the value of i is 2.0 or greater, 


1 This number includes all caves with exposure to chromium compounds. 
This number includes only those who worked in a chromate manutacturing plant 


fante 2—Number and Percentage of Lung Cancer Cases with Occupational Exposure to ( hromates 
Compared with Other Hospitalized Groups—Baltimore City Cases at the Johns Hopkins Hospital 


All Cases Cases with Specified Oceupation 
Cases with Caves with 
Total Chromate Exposure Total Chromate Exposure 

No. of Mt No. of Xt 

Groups Cases Number Per Cent g Cases Number Per Cent a 

(A) (B) (D) (E) (F) (a) a 

caucer series* 4 7 ove 75 7 9.33 ; 
Random sample il 0 0 2.8 “ 0 0 26 


* The lung carcer series included only those cases listed clinically as cancer of the lungs or of the bronchi which were 


confirmed by microscopic examination of biopsy or autopsy section 
+ This represents the d'fference between the percentage of cancer cases with chromate exposure and the percentage of the 
control series with chromete exposure divided by the standard error of the difference, using Yates's correction. The differ 


ence 


considered statistically significant if the value is 2.0 or greater 


7 From these analyses it would appear that the percentage of chromate 
te workers among the patients with lung cancer in these two hospitals was 

c significantly greater than would be expected on the basis of comparable 


control gTOUps. 

\s discussed above, in dealing with data of this type there are certain 
inherent factors which might invalidate the results. The most serious 
of these was the possibility that the occupation may have been more 


Fi 
ae 
q 
$ 
4.35 66 4} 6.06 
q 
ay + 
4 a 
i 
. 
| 
| 
4 


BAETJER—PULMONAR) 


CARCINOMA-CHROMATE 


WORKERS 3511 


irequently or more caretully recorded by the physicians in the cases of 
lung cancer than in the control cases. The percentage of cases in which 
no information at all was recorded regarding the man’s present or past 
occupational status at the Johns Hopkins Hospital was only 2 for the 
lung cancer series, 1.3 for the random sample and 2.3 for the cholelithi- 
asis series. At the Baltimore City Hospitals 13 per cent of the lung 
cancer cases and 15.4 per cent of the random sample cases had no 
occupational listing of any sort. Thus, there was no real difference 
between the cancer and the control series in the percentage of cases with 
no occupational status. However, there were a number of cases in which 
the occupational status of the patient was given merely as unemployed, 
retired, on relief. on pension, WPA worker, “odd jobs” or laborer, 
without giving the place of work or any further description of the type 
of work which had been done in the past or was being done at the time 
of the illness. When these cases were added to those in which no occu 
pational status had been recorded, it was found that altogether 7 per 
cent of the lung cancer males at the Hopkins Hospital had no specific 
occupational status (past or present) as compared with 14.6 per cent 
and 13.6 per cent of the control groups. At the Baltimore City Hospitals 
28.3 per cent of the cancer group and 40.7 per cent of the control group 
fell into this category. Thus, there were more cases without any specific 
occupational listing in the control series than in the cancer series. There 
was no certain correction which could be made for the fact that the 
occupations of some individuals were not known. However, if it were 
assumed that those groups whose occupational status was indefinite had 
the same proportion of chromate workers as those with given occupations, 
the cases without an occupational listing could be eliminated and the data 
analyzed separately for those with specific occupations. When only those 
cases with listed occupations were used, it was found that in age and 
yearly distribution the lung cancer cases could still be compared with the 
control series. Analysis of these cases with specified occupations showed 
that the differences between the percentage of chromate workers in the 
lung cancer series and the percentage of chromate workers in the control 
series were again statistically significant. The data are presented in 
table 1, columns F to I, for all cases with specified occupations at the 
Johns Hopkins Hospital and atthe Baltimore City Hospitals and in 
table 2, columns F to H, for the Baltimore cases with specific occupations 
at the Johns Hopkins Hospital. 

\lthough the control groups were selected so that their age and 
vearly distribution would be similar to that of the respective cancer 
groups, they were not selected for equal distribution by race. In the 
final analysis the percentage of nonwhite men in the random sample 
groups was found to exceed that in the respective cancer groups. Since 
the chromate-producing plant employs mostly nonwhite laborers, the 
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random sample groups which included more nonwhite workers might 
he expected to have more chromate workers than the cancer groups 
However, all the chromate workers, the majority of whom were non- 
white, were in the cancer groups. Thus, the racial distribution gives 
even greater significance to the results. 

It is interesting to note im connection with this discussion of race 
that the racial distribution of chromate cancer cases found in this study 
was essentially the same as that of the plant population. Seventy per 
cent of the lung cancer patients who had worked in the chromate-pro- 
ducing plant were of the colored races and approximately 70 per cent 
of the laborers at the chromate plant also were of the colored races. 
Thus, no evidence was found here of a racial difference in susceptibility 
to lung cancer in the chromate workers. 


Namber of Chromate Workers Expected m Random Series on Basis of Lung Cancer Series 


According to Race 


The Johns Hopkins Hospital Kaltimore City Hospitals 
“~ 


Lung Cancer Series Random Series Lung Cancer Series Random Series 


White Nonwhite* White Nonwhite White Nouwhite White Nonwhite 
10. of eases of lung cancer 171 2 204 
of eases with chromate 
posure 


lerertitage with ehromate 


Nonwhbite means persons of the Negro and other colored races 
The number tnetucdes all cases with exposure to chromium compounds 
This t ber tpclides only those whe worked in a chromate manufacturing plant 


\n interesting but less accurate method of treating these data was to 
calculate the number of chromate workers which would be expected in 


the control groups if the percentage of chromate workers in these groups 


had been the same as that found in the lung cancer groups. The results 
are presented in table 3. These calculations were made for white and 
nonwhite workers separately. The expected number of white chromate 
workers in the random series was not great, but the expected number 
of nonwhite workers greatly exceeded the actual number, which was 
zero. When the white and nonwhite workers were taken together, it 
was found that the number of chromate workers, which might have been 
expected if the distribution in the lung cancer series were normal, was 
10 for the Hopkins random series and 22 or 31 for the Baltimore City 
Hospital random series. the latter depending on whether 3 or 4 chromate 
cases at this hospital were meluded (see page 507). In reality, no chro- 
inate workers were found in the random series 
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2. Comparison of the Percentage of Chromate Workers in the Cancer 
Group with the Percentage of Chromate Workers in the Employed 
Population of Baltimore—lf the workers in the chromate-producing 
plant had the same lung cancer rate as the employed population of Balti- 


more, then the percentage of chromate workers in the lung cancer series 


should be approximately the same as the percentage of chromate workers 


in the employed male population of Baltimore. (This reasoning was 


based on the assumption that the rate of hospitalization of lung cancer 


patients in the hospitals studied here was the same for chromate as for 
other workers. ) 


In order to determine whether the percentage of chromate workers 


in the lung cancer series was the same or greater than the percentage 


of chromate workers in the working population of Baltimore, the 


following two ratios were compared : 


Ratio A: 
Number of workers in chromate plant 
Number of employed males in Baltimore 


1m pereentage of chromate workers among 
er ployed males 


Ratio B: 
Number of chromate workers In lung cancer series 


100 percentage of chromate workers 


Number of Baltimore males in lung cancer series in lung cancer series 


The number of gainfully employed males in Baltimore at any one 


time who were aged 18 years and over (denominator of ratio A) was 


obtained from the census reports. The figures for 1930 and 1940 were 


averaged. The average number of workers in the Baltimore chromate- 


producing plant at any one time (numerator of ratio A) was taken as i 
450, which was the number of employees given by Machle and Gre- : 
gorius.® In order to be on the conservative side it was assumed that all ; 
450 workers were exposed to chromates and that all resided in Baltimore. : 
If some of the workers did not reside in Baltimore or were not exposed ; 
to chromates in the plant, the number would be smaller, and the results ; 
would be even more striking than those presented here. 
\n unknown number of chromate workers left the plant each year ; 
thus, the total number of chromate workers over the 15 to 20 years ' 


covered in this study was more than 450. Similarly, the total number 


of employed males in Baltimore over the 15 to 20 year period was also 


greater than the average for any one year. Since neither the total number 


of chromate workers nor the total number of employed males in Balti- 


more was known, the numbers existing at any one time were used in 


both the numerator and the denominator of ratio A. 


In computing ratio B, the lung cancer series at the Johns Hopkins 
Hospital and the Baltimore City Hospitals were combined. Only those 


lung cancer patients residing in the city of Baltimore were included 
since the male population of Baltimore was used in ratio A. All chromate 
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workers in the lung cancer series resided in Baltimore. Furthermore, 
only those chromate workers who were currently employed at the time 


of onset of their illness could be included. The reasons for this can be 


explained as follows: A certain number of chromate workers left the 


plant each year over the 15 to 20 years covered by this study. Lung 


cancer developed in some of these after they left the plant. Three such 


cases were discovered in this study. Neither the number who left the 


plant nor the number in whom lung cancer subsequently developed was 


known. Since those who left the plant were not included in the 


numerator of ratio A, the men in whom lung cancer developed subsequent 


to their employment at the chromate-producing plant could not be 


Tasie 4.—Percentage of Chromate Workers in Baltimore Lung Cancer Series * 


in Relation to the Percentage of Chromate Workers in the 
Employed Population of Baltimore 


White Nonwhite Total 


Total no. Baltimore males in combined lung cancer series 
employed at time of Ulness 136 
No, chromate workers in combined lung cancer series 


employed at time of finess roe 2 5 7 
chromate workers in combined lung cancer series 2.08 12.85 5.15 
i 3 No. males in Baltimore employed at any one time 4,01) 45,175 HO tee 
: No. workers in chromate plant at any one time lv $21 im 
ehromate workers among employed 0.06 0.71 O.18 


% ehromate workers In combined lung cancer series 


18,1 28.6 
% chromate workers among employed males 
Difference between % chromate workers in combined lung 
cancer series and © chromate workers in employed popu 
x 
lation divided by standard error of difference ‘ 78 89 13.5 


. 


This represents the lung cancer series at the Johns Hopkins Hospital and that at the 
Baltimore City Hospitals, combined 


included in the numerator of ratio B. 


Similarly, the total number of 


lung cancer patients (denominator of ratio B) could include only those 


who were employed at the time of their illness, since only employed males 


were used as the denominator of ratio A. The number of chromate 


cancer cases (numerator of ratio B) and the total number of lung cancer 


cases (denominator of ratio B) both covered the same period of 15 to 


20 vears. Since both the numerator and the denominator covered the 


same number of years, the ratio was the same for any one time and 


hence was comparable to ratio B, which was based on the number 


employed at any one time. Thus, the two ratios could be compared. 


The percentage of chromate workers among the employed males of 


Baltimore (ratio A) was calculated for white, for nonwhite and for all 


races together. The percentage of chromate workers in the lung cancer 


series (ratio B) also was calculated for white, for nonwhite and for all 
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races together. These calculations were made for each hospital separately 
and for the two hospitals combined. Since the figures did not differ 
appreciably for the individual hospitals, only the results for the two 
hospitals combined are presented in table 4. The percentage of chromate 
workers in the lung cancer series was 28 times the percentage of these 
workers in the employed population for all races together, 34 times 
for white, and 18 times for nonwhite men. The difference between the 
percentage of chromate workers in the lung cancer series and the per- 
centage of chromate workers in the employed population was tested 
statistically and was found to be highly significant. 

The results indicate that there were more chromate workers in the 
cancer series than would be expected on the basis of the number of 
chromate workers employed at the plant in Baltimore. 


SUMMARY 


The number of chromate workers' among the male lung cancer 
patients of two Baltimore hospitals during the past 15 to 20 years was 
compared with the number of chromate workers among other groups of 
male patients in these hospitals, selected as controls. Only those cases 
in which the diagnosis of primary cancer of the lungs or bronchi was 
confirmed by histopathological examination were included. Eleven of 
the cancer patients had had an occupational exposure to chromium 
compounds ; 10 of these had worked in a local chromate-producing plant. 
None of the patients in any of the control groups had reported an 
exposure to chromium compounds. Statistical analysis indicated that the 
percentage of lung cancer patients who had been exposed to chromates 
was significantly higher than would be expected on the basis of the 
control hospitalized groups. 

The percentage of the lung cancer patients who were employed at 
the chromate-producing plant was compared with the percentage of 
the employed male population of Baltimore who were employed at the 
chromate-producing plant. Here again statistical analysis showed that 
the percentage of chromate workers in the lung cancer series was signi- 
ficantly higher than the percentage of chromate workers in the employed 
male population of Baltimore. 

In a study of this type, factors of selection in hospitalization and of 
records of occupation can lead to erroneous conclusions. The pre- 
cautions taken to eliminate such factors and the size of the differences 
found in this study, however, were such that it seems very unlikely that 
these factors have influenced the results appreciably. 

Thus, these data confirm the general opinion expressed in the German 
literature and the conclusions of the mortality study made by Machle 
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and Gregorius in this country, namely, that the number of deaths due to 
cancer of the lungs and bronchi is greater in the chromate-producing 
industry than would normally be expected. 


Dr. Rowland Rider, of the department of biostatistics of the School of Hygiene 
and Public Health, gave assistance with the statistical procedures used in this study. 
Dr. Victor Meyers, Miss Elsie White and Miss Ellen Cromwell examined the 
histories and transcribed the data from the case records to the cards. Miss Virginia 
Ray, of the statistical division of the Johns Hopkins Hospital, prepared the lists of 
cases for the groups studied at this hospital. The Record Officers at the Johns 


Hopkins Hospital and the Baltimore City Hospitals cooperated 
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THE CONTRIBUTION OF CHARLES TURNER THACKRAH 
English Pioneer in the Field of Industrial Health 


JOHN W. BROWN, M.D. 
MADISON, WIS 


HERE is no area which is more certainly a part of preventive 

medicine or in which the disciplines of this subject, if properly 
applied, can be of greater benefit than that of industrial health. Every 
aspect of the wage earner’s environment is a concern of preventive 
medicine when considered in the broad sense, whether it be exposure to 
specific hazards of occupation, his job placement, personal and personnel 
relationships within the organization in which he works, the ordinary ills 
which may befall him, his financial circumstances, or even those features 
which relate to home, family and recreational activities. Although this 
concept is today attaining recognition, owing to the efforts of enlightened 
teachers and the gradual realization of the importance of every activity 
of man to his health and well-being, the principles can hardly be con- 
sidered established throughout the medical profession even in this 
so-called modern age." 

Medical men of the nineteenth century and before write of industrial 
health and preventive medicine in terms not unlike those of present day 
physicians. The latter are often described as pioneers in the development 
of a long neglected field, but the more one learns of the history of medical 
science the less apt one is to apply the term “pioneer” to any man. For 
the last sentence of the preface to his book entitled “English Sanitary 
Institutions,” published in 1890, Sir John Simon writes: 

From the Department of Preventive Medicine and Student Health, University 
of Wisconsin Medical School. 

Read before The William Snow Miller Medical History Seminar, University 
of Wisconsin Medical School, Dec. 14, 1949. 

1. (a) Rosen, G.: The History of Miners’ Diseases: A Medical and Social 
Interpretation; with an Introduction by Henry E. Sigerist, New York, Schuman’s, 
1943. (b) Sappington, C. O.: Essentials of Industrial Health, Philadelphia, J. B. 
Lippincott Company, 1943. (c) Sigerist, H. E.: Civilization and Disease, Ithaca, 
N. Y., Cornell University Press, 1943. (d) Stern, B. J.: Medicine in Industry, 
New York Academy of Medicine Committee on Medicine and the Changing Order, 
New York, Commonwealth Fund, 1946. (e) Teleky, L.: History of Factory and 
Mine Hygiene, New York, Columbia University Press, 1948. 
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In every moral influence which elevates human life, in every conquest which 
is gained over ignorance and recklessness and crime, in every economical teaching 
which gives better skill and wisdom as to the means of material self-maintenance, 
in every judicious public or private organization which affords kindly succor and 
sympathy to the otherwise helpless members of the community, the medical specialist 
gratefully recognizes types of contribution, often not less necessary than his own, 
towards that great system of Preventive Medicine which is hoped for by Sanitary 
Reformers.* 


\ study of medical history brings insight and humility through the 
contemplation of the vision, and in fact knowledge, of the many brilliant 
men who have gone before. Their progress was hampered only by a lack 
of the technology which has accumulated in recent years and a retarded 
social consciousness generally which prevented the application of the not 


i inconsiderable information which they possessed. 

: The subject of industrial health is almost limitless in its scope, 
: involving as it does every aspect of the environment of a large segment 
f of the population. The medical history of this area reaches back to the 
: earliest writings of man. In fact, during the time of the Egyptians 
: medicine was largely concerned with the injuries among slaves and others 


which were incurred in the course of their arduous labors. One early 


papyrus contains a paragraph as follows: 


I have never seen a blacksmith acting as ambassador or a foundry worker 
: sent on a mission but what I have seen is the metal worker at his work: he is 


grilled at the mouth of the furnace; the mason, exposed to all weathers and all 


risks, builds without clothing, his arms are worn out with work, his food is mixed up 


with dirt and rubbish; he bites bis nails, for he has no other food: the barber 


breaks his arm to fill his stomach; the weaver engaged in home work is worse off 


in the house than the women: doubled up with his knees drawn up to his stomach, 


he cannot breathe; the laundryman on the quays is the neighbor of crocodiles; the 


dye worker stinks of fish spawn: his eyes are tired, his hand works unceasingly, 


and as he spends his time in cutting up rags, he has a horror of clothing." 


Hippocrates realized the significance of occupation in relation to 
health. He accurately described the clinical manifestations of lead poison- 


ing. Pliny the Elder described the effects of inhaling “fatal dust.” The 


writings of Celsus and Galen contain many references to occupational 
diseases. Galen also described the manifestations of lead poisoning. 
\gricola in 1556, Pansa, a physician in Saxony in 1614, and Loehniss 
and Diemerbroeck in 1649, as well as many others in the sixteenth and 
seventeenth centuries, contributed descriptions of the diseases of smelter 
and foundry workers, caused by the inhalation of fumes from metallic 
substances. Diemerbroeck’s writings contain an allusion to what is now 
known to be silicosis. However, up to this period, all of these writings 


J English Sanitary Institutions, Reviewed in Their Course of 
Development, and in Some of Their Political and Social Relations, London. Cassell 
& Co., 1890 
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were contributed by authors in widely scattered areas of various coun- 
tries, were concerned primarily with clinical observations without refer- 
ence to methods of preventing the exposures which caused the diseases 
described and had little influence toward promoting progress in industrial 
health.** 

The first comprehensive approach to the subject of occupational 
diseases came with Bernardino Ramazzini (1633-1714) toward the end 
of the seventeenth century. Ramazzini, an Italian physician, was one of 
the greatest scholars and most prominent teachers of the seventeenth 
century and held during his lifetime professorships at both Modena and 
Padua. He is an exception to the rule, in that the honors and rewards 
which his great work so clearly deserved came to him in abundance 
during his lifetime. Ramazzini gathered the scattered references of the 
earlier physicians and spent some 40 years of his life in painstaking 
personal observation of the working conditions, hazards and diseases to 
which the laboring class of his time was exposed. His comprehensive 
work appeared in 1700. It contained 40 chapters dealing with the occupa- 
tional diseases of nearly every trade. Twelve more chapters were added 
when it was revised in 1713. New editions were issued and translated 
into many languages during the half century which followed, but it was 
not until about 1760 that there was general awareness of this great 
contribution. Because his was the first clear concept of industrial health 


and the first comprehensive treatise on the many aspects of this subject, 
including the social, clinical and preventive, Ramazzini has been aptly 
called the “father of industrial medicine.” Although Ramazzini pointed 


the way, man’s social consciousness had not developed sufficiently in his 
time to utilize to any significant degree the ideas and the mass of infor- 
mation which he provided. The movement toward social reform did not 
begin until many years later.'4 

It is evident from the descriptions of Ramazzini and of others to 
follow, especially Thackrah, that the laborers in industry during this early 
period suffered from almost incredible misery and disease as the direct 
result of their employment, the worst features of which could have been 
prevented by using the knowledge then available. The first Workmen’s 
Compensation Act was passed in England in 1897, and it was not until 
1911 that workmen’s compensation legislation was held constitutional in 
the United States. Even then it did not apply to occupational disease. 
California, in 1918, and Wisconsin and Connecticut, in 1919, became the 
first states specifically to include disease incident to occupation, as well 
as injury, as compensable under the Workmen’s Compensation Act.* 

The researches and contributions of many men, physicians, enlight- 
ened employers and public figures of vision alike, participated in the 
movement which slowly resulted in the application of preventive measures 
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for the improvement of the health of workers in industry, step by step, 
during the nineteenth and twentieth centuries. During the early part of 
the nineteenth century in England, the Industrial Revolution increased 
the hazards and degree of exposure to occupational disease to an extent 
hitherto unknown. As one reads of the conditions prevalent during the 
period, it seems obvious that improvement must have been a national 
necessity. 

During this time, Charles Turner Thackrah, a physician in Leeds, 
England, became interested in the health of the working people and in 
1824 began searching inquiries into the causes of disease and death 
among them. His book, “The Effects of the Principal Arts, Trades, and 
Professions and of Civic States and Habits of Living, on Health and 
Longevity : with a Particular Reference to the Trades and Manufacturers 
of Leeds: and Suggestions for the Removal of Many of the Agents, which 
Produce Disease, and Shorten the Duration of Life,” was published in 
1831, two years before his death.t Although not the first treatise to be 
published in England on a subject relating to industrial health, it is the 
first comprehensive work of its kind on the subject written in English. 
Thackrah clearly pointed the way toward a new approach in preventive 
medicine. His keen clinical observations, shrewd conclusions and original 
but practical recommendations for preventive measures are recorded in 
this famous book. His accomplishment was referred to by Sir John 
Simon as being comparable, as a contribution to preventive medicine, to 
that of Jenner on vaccination against smallpox.* Although his work 
remained to exert a strong influence, his untimely death, at the age of 37, 
was described by Thomas Legge, the first medical inspector of factories 
in England, as retarding the progress of industrial medicine, with all it 
would have meant in the improvement of working conditions, for half 
a century.® 

Charles Turner Thackrah was born in 1795, He became an appren- 
tice to a surgeon in Leeds at the age of 16. In 1814 he became a pupil 
at the Leeds Infirmary, and during the next two years, at Guy’s Hospital, 
was under the influence of Sir Astley Cooper. These brief biographic 
notes provide some insight into the manner of Thackrah’s development 
and suggest the influences which prompted his interest in preventive 
medicine and public health. The source of this information about his life 


4. Thackrah, C. T.: The Effects of the Principal Arts, Trades and Professions 
and of Civic States and Habits of Living, on Health and Longevity: With a 
Particular Reference to the Trades and Manufactures of Leeds; and Suggestions 
for the Removal of Many of the Agents Which Produce Disease and Shorten the 
Duration of Life, ed. 2, Philadelphia, H. H. Porter, 1831. 

5. Legge, T. M.: Charles Turner Thackrah, A Pioneer in Industrial Hygiene, 
J. Indust. Hyg. 2:578-581 (April) 1920. 
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is derived from a short biographic memoir by Dr. H. Y. Whytehead, 
which was quoted by Thomas Legge in a paper written in 1920. 

Legge supplies the suggestion, from his interpretation of a paragraph 
in the autobiography of Robert Owen, that Thackrah owed his bent 
toward preventive medicine to his acquaintance with this greatest of 
factory reformers. Robert Owen was a powerful and enlightened indus- 
trialist of the time whose influence contributed greatly to the forward 
progress of industrial health. It was he who obtained the appointment of 
a Parliamentary Commission which influenced the passage of the Factory 
Act of 1819. This Act stipulated that 9 years should be the minimum age 
of children employed in certain textile industries. Owen stated that he 
visited Leeds in 1814, at the invitation of the workhouse committee, to 
explain the methods adopted by him at the New Lanark Mills. If 
Thackrah, then an impressionable youth of 19 met Owen, it is easy to 
understand the influence this powerful personality may have had in 
directing the course of his subsequent career. 

In 1817 Thackrah went into private practice in Leeds, then a town 
of 50,000 people. A year later, in 1818, he became the Town Surgeon 
and in the following year, at the request of the committee of the Leeds 
Workhouse, he drew up a report on the miserable state of the inferior 
class of lodging houses. About 1824 Thackrah began his studies of the 
effects of various manufacturing processes on the health of the workers, 
the results of which were recorded in the book referred to, published in 
1831. He is also distinguished for his participation in establishing the 
Leeds School of Medicine, also in 1831. Evidently his health was poor 
throughout most of his adult life, the result, it is said, of a chronic 
intestinal infection. He remained in poor health until his death from 
tuberculosis in 1833, at the age of 37 years. 

Some insight into Thackrah’s penetrating philosophy is obtained from 
a quotation of an excerpt from one of his unpublished lectures which 
Whytehead included in his biographical sketch : 


Is the fervor of youth to be wholly expended in the accumulation of 
wealth? Are there no noble objects for your ambition? Why should you not be 
Harveys, Hallers, and Hunters? Why not emulate the examples of Hewson, 
Dessault, and Bichat? 


ae 


Soaring above their professional associates, deriding the 
attacks of envy, unbroken by anxiety and toil, they held on their course of glory. 
i They all died at an early age; but their youthful studies brought an honor which 
the maturer efforts of their envious competitors could never attain. Their names 

are engraven in the temple of fame. 


History has revealed that his own career can be accurately described in 
a similar fashion. Another quotation from Sir John Simon's “English 
Sanitary Institutions” serves also to describe the character of the man 
and the significance of his contribution : 


6. Irvin, E. A.: Charles Turner Thackrah, Indust. Med. 18:66-69 (Feb.) 1949. 
Legge.’ 
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Not less meritorious than the assiduity and the care for truth with which 
be collected his facts, were the unprejudiced good sense and moderation with which 
he weighed them; and the service thus rendered by Thackrah deserves grateful 
recognition. By his eminently trustworthy book, he . . . made it a matter of com- 
mon knowledge, and of State responsibility, that, with certain of our chief industries, 
special influences, often of an evidently removable kind, are apt to be associated, 
which, if permitted to remain, give painful disease and premature disablement or 
death to the employed persons. 


Thackrah’s book presents a survey of the many environmental factors 
which affected the health of the workers in the host of industries con- 
tained in and about the town of Leeds. His analysis is orderly and, for 
the most part, objective. He made numerous recommendations for the 
prevention of injury and dangerous exposures, as well as for improve- 
ment of working conditions in general. The principles involved in almost 
all of these have long been casually accepted as fundamental safeguards. 
In every section some suggestion is made which can now be regarded 
in the light of a prediction of developments to follow. However, social 
progress was slow and accomplishment required many years. It is 
doubtful if Thackrah would be satisfied even at the present time. 

The purpose of this book was not only to record the conditions 
observed and to make suggestions for their remedy in the spirit of the 
scientific investigator, but to bring the circumstances to the attention 
of the public at large. Thackrah intended his treatise for the use of the 
layman, with the expressed purpose of influencing public opinion to bring 
about the improvements so desperately needed. 

Thackrah presents his material in orderly fashion. His introductory 
remarks are appropriate to the avowed purpose of the work, which is 
indicated as follows: 
The object of this paper is to excite the public attention to the subject. 
Myself and my pupils have personally and carefully inspected the state of the 
artisans in most kinds of manufacture, examined the agencies believed to be 
injurious, conversed on the subject with masters, overlookers, and more intelligent 
workmen and obtained many tables illustrating the character of the disorders 
prevalent in the several kinds of employ. From these sources collectively, I have 
drawn up statements which though avowedly imperfect must, I conceive, approach 
to the truth. It will be 


remembered that the subject ts new; 


Previously in the introduction he remarks on “the wonders which science 


and art have atfected,” but he goes on to say: 


while we admire, let us examine. What are the effects of these surprising 
works—effects, | mean physical and moral? I say nothing of the wealth they 
produce or have produced, for wealth is good or evil according to its application: 
I refer to the health of 50,000, who spend their lives in the manufacturies of Leeds 
and its neighborhood, or in allied and dependent occupations. I ask, if these 50,000 
persons enjoy that vigor of body which is every direct good, and without which all 
of their advantages are comparatively worthless? I ask, if the duration of life is as 


great here as in the agricultural districts ? 
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He appropriately then introduces the “Returns of Population” for the 
year 1821, in which the morbidity and mortality rates of surrounding 
rural communities could be compared with those of the town of Leeds. 
His analysis of these reports indicates that 450 persons per year were 
dying in the borough of Leeds “from the injurious effects of manufac- 
tures and the crowded state of population.” Thackrah’s conclusion to 
this analysis is as follows: 

The destruction of 450 persons, year by year, in the burrough of Leeds 
cannot be considered by any benevolent mind as an insignificant affair. Still less 
can the impaired health, the lingering ailments, the premature decay, mental and 
corporeal, of nine-tenths of the survivors be the subject of indifference. Assuredly 
an examination into the state of our manufacturers has long been demanded, alike 
by humanity and by science. 

The bulk of the material which follows constitutes a description of 
Thackrah’s observations on the working conditions, exposures and dis- 
eases of persons in various trades. These are classified by type of work, 
as follows: 

I. Operatives. By this Thackrah means the laboring group. They 
are divided into six classes and receive the greatest attention. 

II. Dealers. 

III. Merchants and master manufacturers. 


IV. Professional men. 


The last section of the book is headed “General Remarks.” There 
are 10 subjects under this head. The first is a summary of the various 
agents affecting health which have been described throughout the pre- 
ceding chapters. Others consist of recommendations regarding bathing, 
prevention of “taking cold,” reviews of the accidents and deformities 
incurred in industry, remedies for improvement of the conditions 
described, and “Hints on the Choice of an Employment” One subject 
in the section is concerned with intemperance, which Thackrah describes 
as follows: “The grand bane of civilized life is intemperance, greater in 
towns than in the country, it dreadfully aggravates the evils of our 
employments ; and it produces evils of its own, tenfold more urgent, more 
rapid, and more deadly.” In nearly every section of the book he describes 


the evils of alcohol, devoting space to this subject in each according to 


his estimation of its effect on the habits and well-being of the persons 
in the various classifications. 


The six divisions of the class of persons called “operatives” are dealt 
with in considerable detail. The first, “men of active habits, whose 
employments are chiefly in the open air,” includes those who are 
employed as butchers, cattle and horse dealers, cart drivers, laborers 
in husbandry, sand leaders, and men employed on the roads, postillions, 
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stage coachmen, coach builders, carpenters, joiners, wheelwrights and 
millwrights, coopers and rope makers. He concludes that each of these 
groups possesses moderately good general health, but that it is in pro- 
portion to the amount of time spent in the open air, the wages and the 
tendency toward intemperance. 

The next division “concerns operatives whose employments are 
carried on in an atmosphere confined and impure.” Here he finds 
that the chief cause of disorders resulting from employment is the 
confinement, overcrowding and necessity for unnatural posture, which 
often must be maintained for 16 to 18 hours in the day. He notes that 
the bending position required hy some occupations nearly always results 
in digesyive disorders and sometimes chest conditions as well. This section 
is leroy concerned with workers in the textile industry. Shoemakers, 
leatherworkers, printers, clockmakers, smiths, cabinetmakers, house 
servants and waiters are also included. The occupation of miners and well 
drillers is briefly discussed; three pages of the small book are devoted 
to these occupations. When it was revised in 1832 the section on miners’ 
diseases was very greatly expanded. In many sections Thackrah deals 
with the evils of the employment of children. Of the collieries he says : 

; Boys enter the pits at the age of 6 or 7, and are employed in opening the 
trap doors, driving the horses, propelling the trucks, etc.; and finally, when of 
sufficient age, they become colliers. Sickness and vomiting sometimes affect persons 
at their commencing the employ; and many, after a few years trial, are obliged, 
by the injury which their health has sustained, and especially by the weakness of 
their eyes, to leave the mines. They do not generally exceed the age of 
50, though many exceptions are to be found. We saw one asthmatic individual, 7 
years of age, who had worked 50 years in the mine. 

References are made to the impure and sometimes dangerous atmosphere 
of the mines and the necessity for artificial ventilation. Similar remarks 
are made in connection with well diggers. Thackrah sums up this section 
with the statement: 


The evils of the employ, care would in great measure obviate. Every work- 
man knows that a light will not burn in foul air; yet the simple experiment is often 
neglected. The introduction of fresh air by bellows into wells, thus found to be 
dangerous, has but a partial effect. 


In the next division Thackrah considers the occupations in which 
workers come in contact with dust, odors and gases. These occupations 
are divided into three classes: those in which the dust, the odor or the 
exhalation seems to be harmless, those in which the exposure seems to be 
beneficial and, of more importance, those which produce a dust or a 
vapor which is decidedly injurious. A large number of processes are listed 
in this category, but those to which he rightly attaches the greatest 
significance involve workers in flax, masons who inhale particles of sand 
and dust which arise from chipping stone, and several classes of metal 
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workers. Workers in smelters are thought to be particularly affected. 
Thackrah points out that workers in dry mines suffer much greater 
disability and die at an earlier age than those who are employed in wet 
mines. He concludes: 


If the injury to life and health result from the dust of the sandstone, could 
not the simple remedy of water be applied? If water will not percolate through 
sandstone, might not the frequent use of a common watering can prove a substitute ? 


Thackrah’s accurate observations are further revealed in the following 
quotation from the same section : 


The brass work must also be noticed. The founders suffer from the inhalation of the 
volatilized metal. In the founding of yellow brass, in particular, the evolution of 
oxide of zinc is very great. It immediately affects respirations; it less directly 
affects the digestive organs. The men suffer from difficulty of breathing, cough, pain 
at the stomach, and sometimes morning vomiting. We did not find one brass founder 
more than 40 years of age; though we have since been informed that there are two 
brass founders in the neighborhood of the ages of 60 and 70, who have continued 
at the employ from boyhood. 


In connection with the dusty trades an innovation occurs to Thackrah: 


May I suggest a plan for carrying off the dust? Let channels, about a foot 
in breadth, be made in the floors, each with one end opening into the room, and the 
other outside of the building. Over the former let a light, broad wheel, attached 
to the machinery, be made to revolve rapidly. A current of air will thus be produced, 
and this entering the channel, will draw down the greater part of the dust and 
carry it out of the building. . . . A subject of such great importance to health 
and longevity, will receive, I trust, the attention of those, who are not only much 


more conversant than I, with contrivance and invention, but more directly obligated 
by social principle to improve the state of the operatives, by whose labors they 
are enriched. 


The employing of young children in industrial plants was one of the 
greatest of the evils, and the first efforts for improving the working 
conditions were directed toward regulations against that practice. Cer- 
tain quotations from Thackrah are of significance in this connection: 


Children from 7 to 15 years of age go to work at half past five in the 
morning, and leave at 7 in the evening,—or at half past 6, and leave at 8,—and 
thus spend 12 hours a day, from 5 or 6 years, in an atmosphere of flax dust. Serious 


injury from such employment, we should expect at any age, but especially during 


the period of growth. The stethoscope teaches us that respiration is great,—the 
air cells largely expanded in proportion to the early period of life, and, as anatomists, 
we know that at the same period the mucous membranes are comparatively thicker, 
more vascular and sensitive. 


The following presentment gives one more understanding of Thackrah’s 
deep feelings and also demonstrates his persuasive powers : 


The employment of young children in any labor is wrong. The term of 
physical growth ought not to be a term of physical exertion; light and varied 
motions should be the only effort,—motions excited by the will, not by the task- 
master,—the run and the leap of a buoyant and unshackled spirit. How different 
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the scene in a manufacturing district! No man of humanity can reflect without 
distress on the state of thousands of children, many from 6 to 7 years of age, roused 
from their beds at an early hour, hurried to the mills, and kept there, with the 
interval of only 40 minutes, till a late hour at night: kept moreover, in an atmosphere 
impure, not only as the air of a town, not only as defective in ventilation, but also 
loaded with noxious dust. Health! Cleanliness! Mental improvement! How are 
they regarded? Recreation is out of the question. There is scarcely time for meals. . 
The very period of sleep so necessary for the young, is too often abridged, Nay, 

children are sometimes worked even in the night 


Thackrah’s good judgment prevents him from any condemnation of 
employers. Rather he ascribes the working conditions he so deplores to 
the manner in which the system developed, as follows : 


The duration of labor is the opprobrium, rather of our manufacturing 
system, than of individuals. The masters with whom I have conversed are men of 
humanity, and willing, I believe, to adopt any practicable proposal to amend the 
health, and improve the state of their work people, but they are scarc ely conscious 
of the extent of mischief. We underrate evils to which we are accustomed. The 
diminution of the intervals of work, has been a gradual encroachment. Formerly 
an hour was allowed for dinner: but one great manufacturer, pressed by his engage- 
ments, wished his work people to return five minutes sooner. This abridgment was 
promptly adopted at other mills. Five minutes led to ten. It was found also that 
breakfast and “drinking” (afternoon meal) might be taken while the people were 
at work. Time was thus saved; more work was done; and the manufactured article 
consequently could be offered at a less price. If one house offered it at a lower rate, 
all other houses, to compete in the market, were obliged to use similar means. Thus, 
what was at first partial and temporary, has become general and permanent, and 
the unfortunate partisans, working before in excess, have now to carry labor to a 
still greater and more destructive extent. The sound of the steam engine anticipates 
the cock crowing of the morning. Nay, often it is heard throughout the night. 


He states further: 


So established are the hours of work, that no individual master can, without loss, 
liberate his people at an earlier period. A legislative enactment is the only remedy 
for this, as well as the other great opprobrium of our manufactures, where built 
on up to limit the duration of labor, and prevent the improper employment of chil 
dren, I feel assured that it would be well supported by petitions, not only from the 
public, but from the masters themselves 


Che other three subsections listed under “operatives” in the text are 
as follows: operatives whose skin is exposed to injurious agents, opera 
tives who are exposed to wet and vapor and operatives exposed to high . 
temperature or to changes of temperature. In dealing with these groups, 
Phackrah continues his objective descriptions and makes numerous prac- 
tical recommendations for improvement of the conditions discovered 
Proceeding to the classes listed as “dealers” and the class listed as “mer- 
chants and master manufacturers’”—the most important harmful effects 
ascribed by Thackrah to occupation consist in the tendency to live too 
luxuriously and, especially, to too frequent intemperance. He also finds 
their ills to be in part due to insufficient exercise and the lack of fresh 
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air. The keen clinician is evidenced by the following comment: “A word 
of caution on sudden and great exertion. Persons of sedentary habits 
have been known to induce serious and even fatal disease by such efforts.” 
There is a tendency toward excessive application of mind and, he says: 

They find, too late, that they have sacrificed the body to the mind. And why 
this perversion of nature? Why do we think and toil? To obtain wealth and thus 
increase our means of happiness, but will wealth compensate for the evils which 
attend it? Its acquisition produces—will its possession remove, functional or struc- 
tural maladies? Will it banish those thousand nervous and hypochondriacal feelings 
which produce more misery than even organic disease And when we have sacrificed 
health and abbreviated life for the acquistion of property, what happiness have we 
got in exchange ? 

It is evident that Thackrah was a true philosopher and a great man. 
He interpreted preventive medicine, perhaps unconsciously, in a sense as 
broad as that of modern leaders in this field. 

The last section, under classes of persons, is concerned with profes- 
sional men and persons engaged in the production of literature. Here 
again Thackrah finds the untoward effects of occupation in proportion 
to the lack of fresh air and the lack of muscular exercise, both of these 
varying with the character of the profession, and places great importance 
on the amount of mental application, especially, he says, “if coupled with 
excessive ambition.” He concludes that plethora, poor circulation and 
digestive disturbances are common in this group. The discussion does not 
spare the medical profession, and he stresses the following observation 
in particular : 

Among the youth of our profession, in an especial manner, is the mortality 
great. Pupils sent to distant medical schools at the end of their apprenticeship, and 
thus placed suddenly in a scene ot dissipation, without governor or advisor,—mixing 
too with a large mass of youths similarly situated,—suffer from the evils and 
disease, which irregularity produces, while the steady youths, attending the hospitals, 
dissecting, hearing various lectures. and preparing tor examation, obliged, too, 
be it remembered to acquire in a couple of winters, that various knowledge which 
ought not to be acquired in triple the time,—are severely injured by the great 
application of mind. Hence, the students who come out of the lecture room at the 
end of the session, we should scarcely recognize as the healthy young men who 
entered it a few months before 

This brief review of Thackrah’s book provides evidence of the clear 
vision of the man. He demonstrated an insight into the field of preventive 
medicine in its broadest sense, even when considered in the light of 
present day standards. In spite of his premature death, Thackrah’s 
influence was important for the program of industrial health not only in 
England but in the United States. Beginning in 1802 certain Factory 
\cts were passed to improve working conditions in England. These were 
directed primarily toward limiting the employment of children, but until 
the Act of 1833 they were ineffective because they failed to provide for 
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an adequate system of inspection. The Act of 1833 was important 
because it introduced a governmental system of factory inspection. By 
his writings, Thackrah was instrumental in obtaining the passage of this 
Act. Subsequent progress was slow but continuous. 


In the United States Thackrah’s book was an important factor in 
arousing the interest of the Medical Society of the State of New York. 
The annual prize of this society for 1836 was awarded to Benjamin W. 
McCready for an essay entitled, “The Influence of Trades, Professions, 
and Occupations in the United States on the Production of Diseases.” 
McCready quoted extensively from Thackrah because the sources of 
information at the time were very limited. The progress of industrial 
health which followed in the United States was slow. It was similar, in 
many ways, to the pattern of development in England. Thackrah’s con- 
tribution was significant for its influence in both countries throughout 
the period. 
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CARBON DISULFIDE AND HYDROGEN SULFIDE 
ll. A Follow-Up Clinical Study of Low Grade Exposures 


HENRY H. RUBIN, M.D. 
ALEX J. ARIEFF, M.D. 
AND 
F. WARREN TAUBER, MS. 
CHICAGO 


CLINICAL study of the effects of continuous low grade exposures 

to carbon disulfide (CS,) and hydrogen sulfide (H,S) was con- 
ducted on 100 workers, the results of which were published ' and the 
conclusion drawn that the chronic effects, if present, appeared to be very 
minimal. The working conditions of those exposed were controlled. This 
is a follow-up study on a group of 100 employees essentially under the : 
same working conditions comprising only shift operators as against the : 
previous group in which 78 were shift operators. Reexaminations were 


made on 63 workers included in the original study, the remainder being t 
among those employed more recently. 
Lewey,’ in his investigations on carbon disulfide absorption, reported 
psychic symptoms and neurological defects varying from pins and needles 
sensations up to parkinsonism, as well as signs mimicking brain tumor. 
Blood and urine showed significant changes, such as the presence of 
carbon disulfide in determinable amounts and an increase in the serum 
cholesterol. 
PROCEDURE 


The method was essentially the same as in the previous study. Those exam- 
ined worked on a rotating shift schedule. Twenty-six of these workers were 
employed in the baratte room, their tour of duty lasting for 21 days with inter- 


ruptions of two, two, and four days, respectively, between each seven days worked. 
Following this, they worked elsewhere in the plant for from four to seven months 
‘ before returning to the baratte room.*# 


1. Rubin, H. H., and Arieff, A. J.: Carbon Disulfide and Hydrogen Sulfide: 
A Clinical Study of Chronic Low-Grade Exposures, J. Indust. Hyg. & Toxicol. 
27:123-129 (May) 1945. 

2. Lewey, F. H.: Survey of Carbon Disulfide and Hydrogen Sulfide in the 
Viscose Rayon Industry, Bull. no. 46, Pennsylvania Department of Labor and 
Industry, 1938. 


2a. The term baratte here signifies a churn in which CS, is added to alkali 


cellulose to form xanthate, the rotation insuring a uniform distribution of the 
reactants. 
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Che prior questionnaire was used to elicit without the influence of suggestion 
information concerning symptoms of fatigue, headache, dizziness, pain and insomnia, 
digestive disturbances such as impaired appetite, stomach distress and visual dis- 
turbances 

Physical examinations stressed the neurological and psychiatric aspects, the 
former including sensory and motor signs, deep and superficial reflexes and evi 
dence of arm swinging and tremors, and the latter including briei memory tests 
and personality assessments 

Determinations of cholesterol were made on the serum of 30 subjects, and 
determinations of carbon disulfide were made on the urine of 27 at the end of the 
day's work 
\ir sampling records since 1945 were reviewed for air concentration levels of 


carbon disulfide and hydrogen sulfide in the working environment 


RESULTS 
The ages of those examined ranged from 21 to 47 years. The length 
of employment exposures varied from 1 to 17 years. 

The percentages for suggestive psychiatric symptoms were com 
parable to the previous findings except for fatigue and a tired feeling 
on awakening, the figures being lower for the present group. 

nly one subject had pain in the legs at times. 

Complaints concerning the digestive system were limited to stomach 
distress in four and impaired appetite in three of the workers. Those 
figures epproximate those of the previous survey. 

There was one worker who had blurring of vision at times. Com 
plaints of visual disturbance were rare in both surveys. 

(bjective neurological signs were noted in 39 subjects who had one 
or more deviations from the average. There was only one instance of a 
suggestive Abadie sign. 

Phe deep tendon reflexes were considered hyperactive and bilaterally 
equal in all four extremities in nine subjects and decreased in five. In 
none were there pathological reflexes suggestive of a pyramidal tract 
syndrome 

(uestionable Babinski signs were present in two subjects, which 
might be suggestive of pathologic reflexes, but neither showed any signs 
of spasticity or paresis which would indicate pyramidal tract disease. 
Phe superticial reflexes were decreased in 24 subjects, 11 of these having 
decreased corneal reflexes. Tremors of the fingers were present in 5 
examinees, but none revealed rest tremors as seen in parkinsonism. 

Pupillary reflexes sluggish to light were observed in four subjects. 

Decreased associated movements, shown by absence of arm swinging 
while walking, were not observed in any of the subjects examined, and 
in none was there evidence of pyramidal or extrapyramidal disease. 


serum cholesterol determinations ' made on blood samples of 


30 shift workers gave a mean value of 218.07 mg. per 100 cc. The mean 


3. Sackett, G. | Modification of Bloor’s Method for the Determination of 
Cholesterol in Whole Blood or Blood Serum, J. Biol. Chem. 64:203-205 (May) 
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of the total cholesterol values for nine of these workers stationed in 


the 
baratte room was 216.66 mg. per 100 cc 


Determinations of carbon 


1.—Subjective Symptoms and Percentages 


General complaints 
Patigue at end of day's work 
Tired on awakening 
Sleep poor 
Irritability 
Pain in legs at times 


Disturbanees of vision 


Blurring (occasional) 


Digestive system 
Stomach distress 
Impaired appetite 
Significant symptoms suggestive 


of HoS toxicity 


Pain in eyes and “circles” before eyes (at night at times) 


TaBLe 2.—Objective Neurological Signs 


Sensory Subjects 


Nerve tenderness 

Anesthesia 

Vibration sense defect 

Deep tendon sense (pain) Abadie’s sign (suggestive) 
Rhomberg-ataxia 

Motor 


Paralysis 


Deep or tendon reflexes 
Decreased 
Increased in all four extremities, bilaterally equal 
Pathological reflexes 


Babinski (questionable 
Superficial reflexes 
Corneal (unilateral or bilateral) decreased 


Abdominal, cremasterie and plantar 


Pupillary reflexes 


Sluggish to light 


Decreased associated movements 


(Swinging of arm) 
Tremors of fingers 
Tremors of tongue 


Disturbances of bearing (diminished) 


disulfide made on the urine of 27 subjects, according to the method of 
Hunter,‘ nine working in the baratte room, vielded negative results. 


4. Hunter, A. W.: The Determination 
Urine, |. Indust. Hyg. & Toxicol. 22:231-234 


of Carbon Bisulfide in Blood 
(June) 1949, 


and 
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Routine plant ventilation studies of the working environment indicate 
that concentrations of carbon disulfide and hydrogen sulfide are less than 
10 p. p. m. for long exposures, with occasional scattered higher figures 
in some areas for short exposures. 


COMMENT 


Significant symptoms of carbon disulfide poisoning were not in evi- 
dence. Fatigue at the end of the day’s work was complained of by 14 per 
cent, against 72 per cent with this symptom in a survey of 159 viscose 
workers.’ The former figure and the 11 per cent who complained of a 
tired feeling on awakening are lower than the figures recorded in the 
previous study, in which 30.7 per cent and 25.7 per cent, respectively, 
had similar complaints. 

Parkinsonism or extrapyramidal signs were not found in any of those 
examined. The five persons with decreased tendon reflexes had no 
associated sensory findings as in the case of the one with a suggestive 
Abadie sign. None of the subjects with increased deep reflexes had 
associated decreased superficial abdominal reflexes and pathological 
reflexes. The one subject with pain in the legs at times had no objective 
neuritic signs of decreased deep reflexes or sensory signs. 

Serum cholesterol determinations gave a mean value of 218.07 mg. 
per 100 ce. in 30 subjects. This figure falls within the limits of normal 
values, which are variously given as between 160 and 230 mg. per 100 cc. 
Lewey’'s * figure for his group of 54 carbon disulfide workers was higher 
(238 mg. total cholesterol per 100 cc.). This to him seemed to indicate 
a disturbance of metabolism possibly due to a toxic derangement of liver 
function. 

J. H. Frank stated in the Pennsylvania report * that in one group of 
20 viscose rayon workers, only one failed to show carbon disulfide in the 
urine. [excretions of some of those examined showed from 0.02 to 0.05 
mg. of carbon disulfide in the urine after eight hours’ exposure. In our 
study of urine samples of 27 subjects obtained after eight hours of 
exposure, none gave a value greater than the blank determination of the 
reagents. This method will readily detect 1 part of carbon disulfide per 
10 million of urine. 

SUMMARY 


This is a report of the clinical findings and the results of biochemical 
examinations of a group of workers with low grade exposure to carbon 
disulfide and hydrogen sulfide, 63 of these having been included in a 
clinical study five years previously. 


5. Lewey, F. H.: Neurological, Medical and Biochemical Signs and Symp- 
toms Indicating Chronic Industrial Carbon Disulfide Absorption, Ann. Int. Med. 
15:869-883 (Nov.) 1941. 
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Psychic and neurological symptoms are vague and again cannot be 
correlated with toxicity. Aberrant signs seen previously were demon- 


strable in the follow-up study, which emphasizes our impression that 
they are deviations from the average rather than indications of pathologic 
change. 

Subjective complaints and objective neurological signs were less 
prominent in this group made up entirely of shift workers. 

Carbon disulfide absorption was minimal, as evidenced by the fact 
that it was not present in the urine in detectable amounts. The total 
cholesterol values of the blood were within normal limits. 


6733 West Sixty-F?fth Street. 
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THE EARS OF INDUSTRY 


RAYMOND CARHART, Ph.D. 
EVANSTON, ILL. 


SEVERAL industrial conditions constitute hazards to the hearing 
mechanism. Deafness may be caused by toxins, by exposure which 


leads to otitis media, by accidents involving sudden changes in atmos- 


pheric pressure and by certain types of head injury. These causes, since 


they threaten health in several ways, stand in contrast to extreme noise. 


Excessive sound is a specific hazard to hearing. It produces damage of 
the ears without doing other physiological harm. The resultant auditory 
impairment is known as acoustic trauma. 


Acoustic trauma is today the most frequent threat to the ears in 


industry. It is true that the exact incidence of acoustic trauma among 


industrial workers is not known. Industrial medicine has not yet made 


the comprehensive surveys which would supply this information. The 


matter has been explored by only a few firms and for a few types of 
noise exposure. Nevertheless, it is perfectly clear that noise deafness 
is the most frequent type of auditory impairment caused by industrial 
occupations. 


The impact of steady sounds at high intensities is one cause of acoustic 


trauma. Many activities produce relatively continuous sound pressures 


of 100 decibels or more. On the basis of present information, it seems 


safe to conclude that most persons who have worked unprotected for 


two or more years in such noise levels will have suffered measurable , 
impairment in hearing. In fact, many authorities feel that prolonged 
exposure of the auditory mechanism in noise above 90 decibels is dan- 


1 


gerous.' Furthermore, not only is sound at high levels damaging, but 


the degree of acoustic trauma progresses with the duration of exposure. 


From the School of Speech and Department of Otolaryngology, Northwestern 
University 


Presented at the joint meeting of the American Association of Industrial 
Physicians and Surgeons and the American Industrial Hygiene Association, in 
Chicago, April 27, 1950 

1. Bunch, C. ¢ Conservation of Hearing in Industry, J. A. M. A, 
118:588-593. Feb. 21, 1942. 
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Deafness is caused not only by continuous noise but also by sounds 
of the percussive and the explosive varieties. It is more difficult to 
describe the strengths of such intermittent sounds in decibels. The reason 
lies in the fact that percussions and explosions consist of sharp pressure 
pulses. In any event, the important fact is that pulsating noises may be 
particularly harmful to the auditory mechanism. The danger is especially 
great when they are unexpected and irregular. The pneumatic hammer 
produces a good example of a dangerously strong percussion sound. 

Regardless of the sound which is its cause, acoustic trauma has 
clearly defined characteristics. The impairment is of the nerve type, if 
one rules out concomitant damage of the conductive mechanism caused 
by explosive sounds of blast proportions. The site of the lesion is not yet 
fully established, but a large accumulation of clinical evidence has 
revealed the pattern of hearing loss which typifies acoustic trauma. The 
progression is shown in the accompanying chart. 

The initial stages of acoustic trauma are characterized by a notched 
depression on the audiogram. This notch is an evidence of partial impair- 
ment in hearing for high tones (case 4). Generally speaking, the greatest 
loss is in the neighborhood of 4000 cycles per second, which is approxi- 
mately the upper limit of the piano scale. Fortunately, although the 
initial impairment is clearly measurable, it does not ordinarily constitute 
an appreciable handicap in either social activities or at work. In fact, 
persons often have losses of this type without being aware of them. 

Further exposure both deepens and widens the impairment, as illus- 
trated in case B. The hearing loss begins to invade the range below 2000 
cycles. Furthermore, hearing for extremely high pitches becomes poorer. 
The process is likely to continue to the point where the audiogram loses 
all semblance of notching. At this stage, hearing is approximately normal 
only for the lowest pitched sounds (case C). The loss for sounds of 
intermediate pitch is marked, while deafness for high pitches is quite 
severe. Most importantly, the infiltration of loss in the directions of low- 
pitched sounds attacks the so-called speech range. The result is a 
substantial handicap in everyday hearing. Many veteran workers have 


impairments of this type. Its prevalence in noisy occupations is empha- 
sized by the fact that the impairment was originally called “boiler-maker's 
deafness.” 


One feature of acoustic trauma is that, within limits, the hearing loss 
is reversible. Campbell,? for example, demonstrated that short term 
exposure to airplane noise produced acoustic trauma which was followed 
by restoration of hearing. The recovery time was approximately the 
square of the exposure time (for the particular kind of open cockpit plane 
with which he conducted the study). It is common for workers to report 
that they hear better at the beginning of the working week than at the 


2. Campbell, P. H., and Hargreaves, J.: Aviation Deafness: Acute and 
Chronic, Arch. Otolaryng. 32:417-428 (Sept.) 1940. 


. 

if RAS) 

4 

its 
4 
i 
4 

; 

§ 

4 

‘ 


TEST FREQUENCY 


128 286 512 1024 2048 409 8192 
NORMAL 
10 tty 
Vv toss 4 
Xe 
40 
= $0 
30 
70 
80 7 
100 A | 
TEST FREQUENCY 
128 256 612 1024 2048 4096 
—10 
NORMAL | 
IT TT 7 
} 
| V4 
« git ¢ 
= $0 + 
$ / 
0 
80 
| 
100 B | | 
TEST FREQUENCY 
128 256 $12 1024 2048 4096 8192 
| 
NORMAL | 
0 ss ss 
x» 4 TAOS py 
TTT 
100 


Audiograms illustrative of the progression of hearing loss due to acoustic trauma. 


Case A 
Case B 


Minor high tone loss resulting from a single afternoon on a pistol range. 
impairment of a sufficient range of tones to interfere with understanding 


of speech, caused by repeated exposure to shotgun fire. Case C: extensive impair- 
ment due to industrial noise. 
(After Bunch.) 


536 


The response of only one ear is shown for each case. 
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end. One may postulate that noise deafness is the result of a series of 
fluctuations in which acoustic traumatization is followed by slow 
recovery. Unfortunately, an increasing amount of permanent damage 
results when the exposure extends over long periods. It is this per- 
manent component which appears to undergo the progression just 
outlined, 

Practical experience leads to the belief that persons vary widely in 
susceptibility to acoustic trauma. The persons who possess hypersen- 
sitivity to traumatization are particularly important to the industrial 
physician because of the extra hazard which they face. It is necessary to 
discover the noise-sensitive person and to place him in an activity where 
the danger of traumatization is minimal. Methods of doing so will be 
discussed shortly. 

Three methods for preventing acoustic trauma are available, namely, 
(1) control of the sound environment, (2) use of ear defenders to keep 
the full sound impact from reaching the auditory mechanism and (3) 
appropriate job placement of noise-susceptible workers. 

From the standpoint of the first method, control of the sound environ- 
ment, many industrial operations are unnecessarily noisy. In not a few 
instances, noise which is dangerously high can be reduced to a safe level 
by appropriate attention to the acoustics of the situation. It is important 
at the outset to recognize that such sound control represents a long term 
economy, particularly when one takes into account the hidden costs 
arising from worker inefficiency and from the rapid turnover in personnel 
which a noisy environment encourages. 

There are two major technics for sound control. The first one is to 
install ample amounts of sound-absorbing material throughout the noisy 
parts of a plant. Hard surfaces, such as plaster and brick walls, reflect 
sounds. Standard absorbent materials on walls and ceilings make a much 
more attractive working situation and reduce reverberation to a gratify- 
ing degree. Similarly, proper placement of partitions which are appro- 
priately sound treated can isolate noisy machinery. The protective value 
of proper acoustic treatment cannot be emphasized too strongly. 

The second technic for sound control is to make the industrial opera- 
tion itself quieter. Not all present day machinery has been designed to 
perform as silently as possible. The contrast between the old-fashioned 
streetcar and the modern one is a good example. Noisy performance, 
when due to unnecessary vibration of parts or unfortunate choice of 
materials, can often be overcome by proper design. There are times when 
careful analysis of a machine’s operation will reveal relatively simple 
methods of muting it. Obviously, however, quieting of machinery is best 
achieved by a long term program directed at replacing antiquated units 
with less noisy equipment. 
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The problems of sound control are highly technical. Help must be 
sought from the expert in architectural acoustics and noise reduction. 
After such an expert has made an analysis of the total working situation, 
including study of the intensity level and sound composition of the noise, 
he will be in a position to advise practical methods of control. Fis analysis 
also will help segregate those situations which when quieted as much as 
possible remain hazardous to hearing. 

There are situations where, as just suggested, even after thorough 
sound control, the noise level is dangerously high because of the nature 
of the industrial operation. Punch presses, test blocks for airplane 
engines and numerous other examples come to mind. It is necessary in 
such instances to resort to the second method of preventing acoustic 
trauma, namely the use of ear defenders which will reduce the strength 
of the sound reaching the hearing mechanism. Here protection is 
achieved by keeping some of the sound out of the ears with mechanical 
devices which the worker wears. 

Fortunately, a large variety of ear defenders have been developed and 
several are commercially available. In general, they are of two types. 

The first type goes into the ear canal and is known as the insert 
defender. It can give substantial protection, provided it is properly 
designed and if it fits well. It has the disadvantage of being a little 
awkward to place in the ear canal and it is not always comfortable when 
worn for long periods. It is also relatively invisible. The last factor is 
important because supervisors have trouble seeing whether workers are 
complying continuously with an order to use defenders. Some people 
have a tendency to ignore such an order. 

The second type of defender is shaped like a pair of ear muffs. This 
type when properly designed can give superior attenuation of outside 
sound. One advantage is that ear muffs are easily seen, and hence a 
foreman can quickly note whether or not the workers are protecting 
their ears. 

The amount of sound protection offered by good ear defenders varies 
somewhat. For purposes of the present discussion, this protection may 
he considered to be 25 to 30 decibels. Reduction of the sound in the ear 
from 105 decibels to 80 decibels offers, on the basis of present knowledge, 
the necessary margin of protection. It is probably safe to say that the 
margin of protection offered by ear defenders is ample for most noisy 
industrial environments. However, it is important to point out that the 
protection they afford is not sufficient in some modern operations. 
Mechanics working on jet engines, for example, may find a single pair of 
defenders insufficient. In such instances, the combined use of both the 
insert and the ear muff type is frequently advocated. Incidentally, when 
noise reaches such high levels there is ordinarily no problem in getting 
workers to wear defenders. 
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The third method of preventing acoustic trauma is to isolate the 
worker who is susceptible to noise. The physician must insist on his 
being transferred to a quieter activity. Case histories can be helpful in 
discovering such persons. The person who reports head noises or hearing 
loss following the use of such drugs as quinine or the salicylates may be 
unusually susceptible. The same may be true of the person who experi- 
ences similar symptoms after being exposed to noise, as well as the 
person who finds moderately loud sounds painful or otherwise intolerable. 

The most important clue to noise susceptibility is offered by careful 
hearing tests. The testing instrument of choice is the pure tone audi- 
ometer, which explores hearing acuity for one pitch after another 
throughout the major range of audition. Each worker who is assigned 
to a noisy location should be given periodic tests during the first months 
of his acoustic exposure. Preferably, these tests should be administered 
at intervals of eight weeks or less. A first test should be made before 
the person starts to work in the noisy environment. The more susceptible 
he happens to be to acoustic trauma, the more quickly one expects him 
to show the typical loss characterizing early impairment. The rapid 
appearance of the notch which was described earlier is an indication that 
he should be transferred to a quieter location immediately ; thus, whatever 
recovery is possible is encouraged and the loss kept from invading the 
speech frequencies. Such a testing program is essential even though ear 
defenders have been made mandatory. 


Industrial medicine cannot afford to ignore the problem of acoustic 
trauma. It has responsibilities to both industry and the worker. Some 
authorities feel that there are grave financial implications in the current 
prevalence of occupational hearing impairment. Industry needs the 
protection of preemployment hearing tests. Without such protection 
there is the possibility that one’s company will be held liable for losses 
incurred in earlier jobs or for losses due to other causes. For example, 
the disease of otosclerosis is one which usually impairs hearing in early 
adulthood. There are workers who during the very time of life when 
they are starting their factory work will be undergoing hearing loss due 
to otosclerosis. It becomes important to have full records and careful 
diagnoses of such cases. 

Although workers will benefit from sound control, mandatory use of 
ear defenders and job placement, any program which is undertaken must 
avoid arousing the fear of job loss. There undoubtedly are workers who 
are antagonistic to such protective measures as periodic hearing tests 
because they have hearing losses and feel that their employment prospects 
may be threatened if their losses are discovered. Not all workers realize 
how much they could benefit from a consistent program of testing and 
attention to their auditory needs. One cannot overemphasize that, with 
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proper allocation, hearing losses of the type one has described need not 
affect employability. It must also be remembered, however, that in some 
situations the worker whose hearing has been impaired may constitute 
a threat to his own safety and that of his fellows. 

Stated differently, a full program for protecting the ears in industry 
can be effective only if endorsed by both management and labor. Such a 
program has three facets. In the first place, noise levels must be con- 
trolled as much as possible and appropriate protective devices must be 
ordered worn where sufficient control is not feasible. Second, a carefully 
planned program of testing and otological examination is essential for 
the pretection of both the worker and the employer. Finally, analysis of 
the individual case must be made the basis for appropriate job allocation, 
not only to protect the hearing of the worker but also to insure that 
persons with hearing losses are not placed in situations where their 
impairment might constitute a hazard to themselves or others. 


IV 
It is obvious from what has just been said that good hearing tests 
are basic to a full program of preventive otology for industry. This 
statement in no way minimizes the essentiality of otoscopic and general 
medical examinations. Instead, the statement highlights the fact that 
changes in hearing supply essential clues to the onset and progression of 
acoustic trauma. Only through careful testing is the physician in a 
position to evaluate the emergence of such clues and to segregate easily 
other types of hearing loss. 

Fortunately, the Committee on Conservation of Hearing of the 
\merican Academy of Ophthalmology and Otolaryngology has formu- 
lated principles for industrial testing programs.’ The Committee advises 
use of a pure tone audiometer, because superior standardization of 
results may thus be obtained. The Committee urges that all new workers 
be given preemployment audiometric tests. These tests must be as careful 
and as thorough as other sections of the physical examination. The 
Committee makes no attempt to answer the question as to whether 
workers now employed should be tested, since it recognizes that diverse 
issues Operate in different situations, The Committee states : 

If the pre-employment examination shows normal hearing nothing 
further is required at the time. If, however, the audiogram shows impaired hearing 


a thorough otological examination should be made, both for the protection of the 
worker and the protection of the employer.‘ 
3. Further information and guidance from the Committee can be obtained by 
addressing inquiries to the field representative, Dr. Douglas Wheeler, University 
Hospitals, lowa City, Iowa. 

4. Manual of Operation for an Industrial Hearing Conservation Program, 
Committee on Conservation of Hearing, American Academy of Ophthalmology and 
Otolaryngology, lowa City, 1950. 
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A second hearing test, to be made at the end of a month or two, is 
advocated for every employee who is working in a noise level that is 
. more or less continually above 90 decibels. The Committee advises : 


If his second audiogram shows a significant loss the worker may have 
a noise-susceptible ear. He should then be transferred to a less noisy location or 


if kept on the job his ears should be protected by the use of properly fitting ear 
defenders. The noise level of the location in which the worker has been working 
should be entered on his audiometric record [In addition, } . . . individuals 
working in a noise level above 9) decibels should be re-checked at an early date 
and as frequently thereafter as routine physical examinations are made. The Com- 
mittee further believes that the hearing of any individual who develops head 
noises should be re-examined. 


Appropriate procedures for conducting the program of audiometric 


testing are recommended by the Committee. ‘Tests should be administered : 
by trained personnel. Programs for training such personnel, who are i 
sometimes known as audiological technicians, are available at a number : 
of universities. Where it is not feasible to procure such a person or to t 
send an employee to a university for instruction, the local otologist may i 
be enlisted to prepare the personnel. A quiet but not completely sound- 

proof room is required. Other details, which need not be reviewed here, : 
include suggestions on the method of keeping records and on similar i 


matters. 
One further point should be mentioned. There are a number of 
procedures for rapidly sorting persons with normal audition from those 


having hearing losses. These procedures, known as screening tests, are 
most helpful to the industrial physician when he wishes to explore quickly 
a large population of current employees. Screening tests differ in their 
efficiency, particularly in their ability to locate early stages of acoustic 
trauma. It is therefore important to choose a procedure which may be 
relied on to yield superior results. The use of a good screening technic can 
segregate those workers whose hearing should probably be investigated 
at once from those for whom investigation may be delayed. In this 
connection, it is important to remember that screening tests merely locate 
persons suspected of having auditory impairment. Detailed audiometric 
and otological study of these persons must still be made. 


Vv 


In summary, the basic task of industrial otology is to preserve hearing 
against industrial hazards. Currently, hearing loss due to intense sound 
is probably the major industrial threat to the ears. Noise deafness 
possesses a typical and identifiable pattern of progression. It is charac- 
terized by some reversibility, and individuals vary in their susceptibility 
to it. Methods of prevention include quieting the working environment, 
insuring the use of protective devices and discovering the noise- 
susceptible individual early. A careful and consistent program of auditory 
testing and job placement is essential for appropriate protection of both 
the employer and the worker. 


4 

4 
| 

a 

iy 

. 


HANDICAPPED WORKERS 


H. G. MURRAY, MD. 
FRAMINGHAM, MASS. 


N APPROPRIATE introduction to this article is an excerpt from 

an address presented at the Baltimore Lions Club, Baltimore, 
Sept. 27, 1949, entitled “Handicapped Workers—No Insurance 
Problem,” by Stanwood L. Hanson, assistant vice president of the 


Liberty Mutual Insurance Company, Boston: 


Most employers who have been afraid to hire handicapped persons thought only 
in terms of visual or well recognized defects, not realizing that many of their com- 
a pletely satisfactory workers have hidden defects more serious in character than 
visual defects. Whether the defect is visual or hidden, the employee is satisfactory 


for the job if he has remaining the abilities required by the specific job. A one-legged 


man may qualify for any kind of sitting-down job, except perhaps that of organist, 
3 and so might a person suffering with diabetes 

The reason why a program of placement of the handicapped pays off for the 
employer is that when one is started the employer must then find the right person 
to do each job, and the performance of each job becomes efficient. The adoption of 
the program increases plant efficiency, and persons with defects in no way detract 
from it 

Studies have been carried out by many different agencies and universities to 
determine the relative merits of handicapped workers as compared with normal 
workers with regard to safety, efficiency and productivity. Most of these studies 
show that properly placed employees with handicaps have fewer accidents, fewer 
’ absences, fewer resignations and fewer discharges for cause than the average for 


other groups 


Another bug-a-boo has been the fear that employment of persons with defects 


would increase insurance premiums for compensation insurance. There is no direct 
relationship between the two things. Premiums are based on the hazards involved 
in various types of employment and on the accident frequency of a given plant. The 
kind of people an employer hires has nothing to do with fixing rates. Insurance . 


studies have shown that when handicapped persons are properly placed they are 
safe and safer than persons without defects 

The interest in handicapped persons was considerably greater during 
the war period than it had been in normal times, owing to the thinness 
of the labor market. The end of hostilities brought a renewal of that 
interest shortly after the war-injured soldiers began to filter back into 


From the Dennison Manufacturing Company. 


542 


~ 
4 
as 
i 
_4 
\ 
: 
$3 
‘ 
its 
= 
5 


MURRAY—HANDI¢ 


IPPED WORKERS 543 


civilian life, after the rehabilitation centers of the Army and Navy had 
brought these injured men back to as near a normal physical and mental 
condition as seemed possible. 

The local United States Employment Service asked the personnel 
division of the Dennison Manufacturing Company to list the company’s 
handicapped employees in 1943. The employees whom physical exami- 
nation had rated as “C” were listed by the Medical Department. The 
rating of “C” meant that these employees had more than minor physical 
defects and should not be transferred from one type of work to another 
without the consent of the plant physician. 

Among these “C”-rated persons were the employees considered as 
being handicapped physically as compared with the remainder of the 
other employees. 

In January 1947 the United States Employment Service asked again 
for a list of the handicapped workers as part of a study made by that 
service to determine whether or not industry was hiring handicapped 
workers as freely after the war period as they had during the years 1941] 
through 1945, 

In 1943 this company had 172 obviously handicapped persons 
employed. In 1947 this number had been increased to 235. 

The employed persons listed in this report are those who when 
examined had obvious defects of a nature which would be generally 
understood by physicians as definitely handicapping these individuals. 
Many of these handicapped employees would be considered handicapped 
by all lay persons. 

The question naturally arises, What is a handicap? Most people are 
handicapped by minor physical or mental defects—and certainly all 
are handicapped as to skills—none have them all or any great part of 
them. 

During the past 25 years it has been the experience of the medical 
department in this company that most persons whose health is “average 
good” can be placed at work with advantage to themselves and to their 
employers. The policy of the personnel division has always been to place 
persons on jobs when they applied for work unless it was considered 
that they would be a danger to themselves or to others if allowed to 
work on the jobs which were available. 

No one can definitely say that because of certain physical dis- 
abilities, a person cannot do a certain job as well as a person not so 
handicapped. One person with a handicap similar to that of another 
person will fail on a job when the other person will succeed beyond all 
expectations. There is a bit of trial and error in the placement of any 
employee—tests, interviews and recommendations to the contrary not- 
withstanding. In fact, the person who is physically handicapped often 
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excels at his work because he knows he must make better than “good” 
or his chances of being replaced are also good. Handicapped persons 
also like the opportunity of proving that their disabilities are not a 
handicap and that they have overcome them. 

About half of the handicapped persons now working for the Dennison 
Manufacturing Company have worked here for 10 years or more. In . 
the past six years many persons with physical handicaps or severe 
physical defects have been employed by this company. Comparatively 
few of these people when placed in various departments of the factory 
have had to give up or have been found incapable of doing the jobs to 
which they were assigned. 

During the war period in cooperation with the mesical, surgical and 
neurological divisions of the Cushing General Hospital located in 


Framingham, Mass., many of the wounded soldiers were employed 


either on full time or part time jobs in this factory before they were 


officially discharged from the hospital. This gave the men an oppor- 


tunity to adjust themselves to industrial working conditions before they 


were discharged to become civilians again. Over 90 per cent of these 
men were able to do the work assigned to them, and this occupational 
therapy was of immense benefit to them and, at the same time, gave the 
medical officers an opportunity to observe their patients while working, 
as the men would all have to do when discharged from the Army. 

Conferences were held with the medical officers in regard to these 
soldiers before they were placed, particularly those who had had severe 
head injuries and were suffering from various neurological conditions, 
such as traumatic epilepsy. 

The company now employs approximately one handicapped person 
for every 15 employees. Some may not agree as to what here is con- 
sidered a major handicap, but the following is a list of the handicaps, 
with reports of the number in each category and their performance. 


REPORT ON HANDICAPPED WORKERS EMPLOYED, AND 


ON THEIR PERFORMANCE 


Underweight.—Fifty persons are employed who weigh less than 100 Ib. (45 Kg.). 
Persons of this weight are definitely limited as to jobs they are physically capable 
of handling. Yet it is not difficult to place these underweight persons in industry if - 
the work is at all varied 
Impaired Vision.—Four employees are totally blind and 53 persons have vision 
in one eye only. Three of these have had an enucleation. In the remainder there 


are congenital defects (amblyopia), or trauma has destroyed the sight of the eye. 
Ten persons have very poor vision in both eyes. 

The few blind persons do excellent work. They fold cardboard forms for the 
most part, and their production is excellent—they are no problem. 

The 31 persons with vision in only one eye are employed on practically 31 
different types of work. As long as one eye remains normal as to vision, these 
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persons do not consider themselves as handicapped and they are 


not as to their 
ability to work. They are clerks, machine operators, chemists, elevator operators 


and do other types of work. The 10 persons with poor vision in both eyes are on 
work suitable to their ability to see. Naturally, they 


would not be placed on 
inspection jobs, 


Impaired Hearing.—Five persons are completely deaf; 12 are noticeably deaf: 


six persons have chronic otitis media with diminished hearing 

The deaf seem able to adjust themselves to almost any type of work in the 
factory except where hearing is essential, as in dictaphone or telephone operators. 
Hearing aids help many of these people who are hard of hearing 

The six persons with chronic otitis media have been unable to have the condition 
cured or have not wished to try recently. The condition has been chronic for years, 
and they are symptomless subjectively 

Vervous System Disease.—Four employees were epileptic, one employee has 
syringomelia, one Friedreich's ataxia, one multiple sclerosis and three Parkinson's 
syndrome 


Two of the persons who had epilepsy had their condition well under control 
through medication with diphenylhydantoin sodium U. S. P. and phenobarbital 
the other two have had several epileptic attacks during working hours despite 
medication. They have left the employ of the company. An epileptic who has his 
condition under control for the greater part of the time can work in industry on 
many different jobs without danger to himself or any fellow worker. Of the other 
six persons with disorders of the central nervous system, five have been able to do 
their work for many years, although their disability is quite obvious. One (mul- 
tiple sclerosis) has had to stop working, because of complete disability. 

Cardiac and Vascular Disorders-—There have been 26 employees who had 
valvular heart disorders with compensation. Most of them gave a history of diseases 
during childhood, such as scarlet fever, diphtheria, pneumonia and rheumatic fever 
None gave histories of symptoms indicative of heart embarrassment and were all 
able to do the work assigned to them 

Eight persons with hypertensive cardiovascular disease (blood systolic pressures 
over 200) have been employed. These persons knew of their condition and had seen 
physicians in regard to it. They were all allowed to work—it would be too bad not 
to let them work, just because of their hypertension. Some of these hypertensive 
patients have been employed at this plant for several years. One employee with this 
condition died two years after employment, of cerebral hemorrhage. Three persons 
with mild symptoms of chronic myocarditis were employed. 

Disease of the Lungs.—Six persons with arrested pulmonary tuberculosis have 


been given jobs. All were still being checked at regular 
sanatoriums. 


intervals at state 


Abdominal Defects ——There are 30 men with hernia—all are well trussed and 
symptomless. None have had any difficulty with this disability since employment. 

Five employees have had hydroceles. One man’s hydrocele was so large that 
he was advised to undergo aspiration before employment. He had a local surgeon 
perform the operation and then was employed. This man, after working for a 
period, during which he had no difficulty from this condition, died of heart disease. 

Defects of Extremities.—Persons with various defects of the extremities have 
been put to work: six persons with crippling arthritis of fingers, elbows or knees— 
crippling that was obvious on casual inspection; eight with deformities and muscular 
atrophies of the legs caused by infantile paralysis; five who had undergone amputa- 
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tion of a leg-—four wearing artificial limbs quite successfully and one on crutches ; 
three with thumbs amputated at the metacarpal phalangeal joint; seven who had 
deformities and limitation of motion of the limbs caused by recent war injuries or by 
previous serious accidents; six obviously handicapped by congenital deformities and 
malformations of arms, hands, legs or feet; one with arrested Pott's disease. 

The deformities of hands and legs described do not appear to limit the employees 
ability to do the jobs they are chosen for, in our experience. Those whose deformities 
were caused by infantile paralysis seem the most cheerful of all the handicapped 
persons and probably try the hardest to succeed 

The five men with leg amputations get around well and do five different types ot 
work in the office and the factory 

Those with a thumb missing do machine adjusting and heavy work. It has been 
stated that as regards functional ability the thumb is considered to be four fifths of 
the hand; yet it is surprising what these men can do with the thumbless hand. 

Several of these handicapped employees had more than one major defect: Three 
had double hernias, and one of these was also quite deaf. Six persons with vision 
in only one eye had major defects of the extremities such as talipes equinus varus 
(one), a World War IT injury requiring the wearing of a brace for the hand (one, 
a war veteran), amputation of four fingers (one), defective leg (one), deatness 
(two) 

One person—an epileptic with congenital deformities of the arms, weight 98 Tb 
(44.5 Kg.)—-was unable to do any of three jobs at which he was given a trial 


The preceding reports show that persons with average good health, 
who by all standards would be considered physically handicapped, can 
he employed by industry when properly placed, provided their health is 
as good as the average. 

\ study was also made of 28 persons (23 men and five women) with 
obvious and real handicaps who are now working in the factory to 
determine how valuable these persons have been to the departments in 
which they work. The study was designed to determine whether or not 
they have needed extra help or special attention, how they have reacted 
to fellow employees, their absenteeism, their production, accident 
records, etc, 

From such a study, it was thought, management might be in a better 
position to judge as to the advisability of employing handicapped persons 
for a variety of jobs if and when the labor market in Framingham should 
get very thin. 

There was no idea of employing fewer handicapped persons than in 
the past, nor was there any thought of weeding out any of these persons 
as a result of any findings which this study might produce 

lhe average length of service for the group was 1214 years (ranging 
from two months to 45 vears). Ten persons had handicapped arms ; 
one had amputation at the wrist. Eighteen persons had handicaps of the 
legs, seven of whom had amputations. The records of the amputees 
compared very favorably with those of all other persons with deformities 
of either extremity. These 28 persons were employed in 20 different 
occupations, which could he reduced to 10 types of work. 


| 
on 
: 
: 
i 
j 


Following is a list of the jobs which these workers do: 


1. Fiber repair 7. Color mixer 
2. Order filler 8. Ink mixer 
° 3. Moveboy (2) 9. Engraver 
z 4. Machine adjuster 10. Desk worker (2) 
; 5. Tag stringer or bench work (5) 11, Cleaner 
» 6. Machine operator (9) 2. Die maker 
(not required to move around ) 13. Draftsman 


14. F. E. adjuster 


The questionnaire sent to division managers who were to collect the 
information desired was in the form indicated below: 


Does the employee need to be given special treatment, such as bringing work to him? 


\ summary of findings is tabulated below : 


Cooperation and contacts with other 22—good 
employees 3—-very good 
2—excellent 
1—timid 
\bsentecism 20—no problem 


&—considerable absenteeism but not nec 
> 

essarily considered caused by their 
handicap except in two cases 


Production 15—good 
5—average 

1—outstanding 

= 

i slow 


\ccidents 4 had had accidents (an excellent record) 


Quality 23—go0od 


3 

3—average 


fair 


Versatility good 


1—fair 
8&—limited 


}—cannot tell (worked too short a 
period } 


Is employee subject to: 
a. Periods of discouragement? }—occasionally 
b. Melancholia? None 


Does employee need special treatment 


such as: 
a. Bringing work to him? l 
b. Use of jigs or fixtures to help None 


him do work assigned to him? 
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Two comments from division managers seemed very worth noting : 


1. The great difficulty with employees who are obviously handi- 
capped is the reluctance to discharge them or “lay them off” when 
there is no work for them. This is from the angle of svmpathy, which 
definitely affects management and fellow workers. 


2. It is much more difficult to transfer handicapped workers to other 


jobs within the department and in the factory when work runs out or 
when such an employee stays out and his place has to be filled quickly, 
as it may easily be a key job or a supply job and very important to the 
even flow of production. 

SUMMARY 


\ study of 28 persons with definite and obvious handicaps of the 
extremities reveals that these people do as well or better than average 
unhandicapped person on the jobs which they have proved themselves 
capable of doing. They evidently get along very well with their fellow 
workers, their absenteeism is not much of a problem and their accident 
record is excellent. 

The quality of their work would seem to equal that of the average 
employee of the Dennison Manufacturing Company. They do not require 
“special handling” or jigs to aSsist them at their work. 

Their greatest weakness concerns their versatility. They seem io be 
definitely limited in this respect, as two thirds are rated as limited or 
poor under the heading of versatility. (How many persons who are not 
handicapped in the physical sense of handicaps lack versatility 7) 

The experience in this company with handicapped persons is that 
they are, on the whole, steady, competent workers who certainly earn 
their wages as well as, or better than, the average employee who is not 
physically handicapped as the expression “physically handicapped” is 
generally understood. 
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EXPERIMENTAL ETHYLENE OXIDE HUMAN SKIN INJURIES 


RICHARD J. SEXTON, MD. 
Medical Director, institute Plant, Carbide and Carbon Chemicals Division, 
Union Carbide and Carbon Corporation 
INSTITUTE, W. VA 
AND 
EDWARD V. HENSON, M.D. 

Medical Director, South Charleston Plant, Carbide and Carbon Chemicals Division, 
Union Carbide and Carbon Corporation 
SOUTH CHARLESTON, W. VA 


HE SKIN-INJURING capacity of ethylene oxide has never been 

clearly established. A previous investigator was unable to produce 
cutaneous injury in human subjects \ second imvestigator® was 
unable to produce bleb or blister formation on rabbits but did finally 
produce edema followed by necrosis in the skin of the rabbit belly. We 
and others * have observed burns when dilute and concentrated solutions 
were held in contact with the skin by shoes, clothing, gloves and jewelry. 
The common element seems to be intimate skin contact prolonged by 
some impediment to evaporation. Our observation of vesiculation 
following prolonged contact with dilute (1 per cent) ethylene oxide has 


been reported.* \ series of controlled exposures were carried out on 


The material in this paper was used as the basis for a talk which, with 40 


projected slides, was presented by Dr. Sexton to the combined groups of the 


American Industrial Hygiene Association and the Chemical Section of the Ameri 


can Association of Industrial Physicians and Surgeons, in Chicago, April 25, 
1950 


° 1. Walker, W. J. G., and Greeson, C. F The Toxicity of Ethylene Oxide, 
|. Hyg. 32:409-416 (July) 1932 


; 2. Smyth, H. F., Jr.: Personal communication to the authors 

, 3. Dernehl, C. | Personal communication to the author. Nale, T. W 
Ibid. Carpenter, C. P., and Smyth, H. F., Jr Ibid. Phillips, C. R.. and Kaye, 
Ss The Sterilizing Action of Gaseous Ethylene Oxide: I. Review, Am. |. Hyg 
50: 270-279 (Nov.) 1949 


4. Sexton, R. J.. and Henson, E. \ Dermatological Injuries by 


Oxide, J. Indust. Hyg. & Toxicol. 31:297-300 (Sept.) 1949 
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the forearms of volunteer human subjects in order to correlate the 
relationship of exposure time and aqueous dilution with skin response. 
The objectives of this paper are to describe the experimental technics 
used, to picture the clinical course of a typical burn, to chart the time 
concentration relationship and to relate the sensitivity phenomena. 


BOLING POINT | 
FREEZING POINT 


ETHYLENE OXIDE, PER CENT 8Y WEIGHT 


big. 1.—-Freezing points and boiling points of aqueous solutions of ethylene 
oxide 


PROPERTIES OF ETHYLENE OXIDE 


The pertinent physical properties of this heterocyclic compound as 


related to these experiments are: 


H H 
Structural formula 
Boiling point .. 10.7 C. ($1.3 FD 


Freezing point. 111.3 C. (— 168.3 F.) 


Vapor pressure at 20 ¢ 1,095 mm. Hg 


Ethylene oxide is a clear, colorless, water-white, mobile liquid below 
its boiling point, above which it is a colorless gas with a sweetish odor 


It is miscible with water in all proportions, with which it is said to form 
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SEXTON-HENSON—ETHYLENE OXIDE SKIN INJURIES 


Fig. 2 (subject 1).—A typical bleb resulting from a 10 minute skin contact of 
an approximately 65 per cent solution of ethylene oxide, This view demonstrates 
the diameter of the lesion 


: 


Fig. 3 (subject 1)—The same lesion from the side, illustrating the height of 
the hemisphere 
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one or more hydrates. The formula for one of these * has been deter- 
mined to be C,H,O * 7H,O. 

Figure 1 depicts graphically the relationship of the boiling points 
and the freezing points of aqueous dilutions of ethylene oxide. Refer- 
ence to this graph shows that the boiling and freezing points of the 
hydrates ranging between 40 and 70 per cent differ by less than 10 


Fig. 4 (subject 7).—-Extremely dark residual pigmentation still present four 
months after a burn due to a one minute skin contact of a 50 per cent concentration 
of ethylene oxide 


degrees, which in turn suggests the difficulties experienced in handling 
such solutions im these experiments. 


5. Mazzucchelli, A.. and Armenante, R The Hydrate of Ethylene Oxide, 
chim. ital. §2:338-346, 1922: abstracted, Chem. Abstr 16: 2675, 1922 
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SEXTON-HENSON—ETHYLENE OXIDE SKIN INJURIES 


SKIN INJURY: CLINICAL DESCRIPTION 

For clarity, a typical, average experimental injury of the skin due 
to dilute ethylene oxide is described and is illustrated in figures 2 and 3 
During exposure a tingling and chilling sensation of the skin was 
experienced. The rapidity with which these symptoms occurred seemed 
to be directly proportional to the concentration, and, after a latent 
period, visible skin changes usually appeared in the following sequence. 
Edema and erythema appeared in one to five hours after the exposure, 
usually in the order stated. The erythema was accompanied or immedi- 
ately followed by local tenderness to superficial skin pressure. These 
changes were either preceded or followed by urticaria, this being an 
inconsistent feature of the process, When vesiculation occurred, it 
appeared after a delay of 6 to 12 hours. If vesiculation was intense, 
pain was usually a symptom. The blebs which formed varied from 
small, fine vesicles to large, tense hemispheres filled with straw-colored 
serum, A tendency of the vesicles to coalesce into blebs was noted. On 
deliberate lancing of the vesicles or on spontaneous rupture, profuse 
weeping occurred. Ruptured blebs generally refilled with serum. A 
description of the blebs has been previously reported.’ Weeping ceased 
and incrustation of the insulted area was present in & to 10 days, often 
accompanied by intense itching and desquamation. Complete healing 
without treatment was usually attamed in 21 days. A faint yellowish 
brown to dark brown pigmentation of the healed area sometimes 
developed (fig. 4). 


SKIN INJURY! HUMAN EXPERIMENTS 

The arbitrarily accepted end point in these experiments was a 
minimal second degree burn demonstrated as an area of erythema with 
one or more vesicles superimposed (fig. 5). Three technics were utilized 
to maintain contact between the liquid material and the skin. For short 
exposures with concentrated solutions a pressure bottle was inverted on 
the forearm (fig. 6). This method was found to be impractical except 
for very short exposures, because the entrapped vaporized oxide created 
sufficient pressure to force the liquid out of the bottle at the point of 
skin contact. For intermediate lengths of contact an open-ended tube 
measuring approximately 2 cm. in diameter and 5 em. in length was held 
against the skin and filled with the test solution (fig. 7). Solutions of 
concentrations greater than 20 per cent boiled on contacting the skin 
surface. Boiling occurred more quickly and vigorously when the con 
centration was increased. For prolonged contact of the very dilute 
solutions a patch test was used, in which a saturated 1 inch (2.5 em.) 
gauze square was surrounded by petrolatum and held in place by vinylite® 


sheeting and adhesive tape (fig. 8) 
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\ patch test was used in the 75 and 95 minute tests, since it was 
inconvenient to hold a tube on the skin for those periods. The results 
of both the 75 and the 95 minute application were positive, while the 
result with our tube method was negative in 60 minutes. These varying 


results are probably due to the different technics used. 

The 65, 30 and 10 per cent solutions were estimated concentrations 
based on the boiling pomt curve or achieved by measured dilution, by 
volume, of a known concentration. Cn analysis this method was found 


Fig. 5 (subject 2).—Typical second degree burn used as an end point. 


to be maccurate; so all other concentrations were those determined by 
analytical laboratory procedures. ‘These concentrations are recorded to 
the closest 5 per cent, for it was found that exposure to air caused fairl 
rapid loss of strength by rapid vaporization of the ethylene oxide 
Analysis done hefore and after the sample had been exposed to the 
atmosphere at room temperature for 5 to 10 minutes often revealed a 
difference of 5 per cent in the concentration. In all cases the tests were 
done at room temperature with the solutions heated sufficiently to melt 
the hydrate and vet not so warm as to cause boiling. 
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Fig. 6.--Pressure bottle technic for very 


Fig. 7.—Our standard tube technic for exposures of intermediate duration 


; 
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Fig. 9 (subject 1).—Blebs that developed in the skin at the rim of the tube 
following a 20 minute application of ethylene oxide. Also a long range view of 


the bigb illustrated in figures 2 and 3 


Fig. 8—Patch test technic for long exposures. 
/ 
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SEXTON-HENSON—ETHYLENE ONIDE SKIN INJURIES 


Taste 1.—E-xperimental Observation on Eight Subjects 


Percentage 
Concentration 
of Ethylene Ty 
Oxide Time, Min Reaction of Test 

10 
loo 
100 
100 


, 


Key: In the column headed “Reaction,” © signifies no reaction; 1, a 1 degree burn: 2, 
degree burn; *, a 1 degree burn at the skin-tube margin, and **, a 2 degree burn at the «kin. 
tube margin. In the column headed “Type of Test,” T stands for tube, B for pressure bottle, 
P for pateh and S for spray (accidental) 


i 
{ 
4 
a Test Subjeet Date 
1 2 Nov. 12 
? 2 2 Nov. 15 
2 Nov. is 
2 Nov. 21 
2 Nov. 90 
4 2 
7 2 Ive. § 
5 2 Dee. 
11 2 Jan. 10 
= 12 1 4 Jan. 15 
12 T 1 Jan. 6 
100 2 0 T dan. 
100 0.0 1 é Jan. Is 
oo 10 T ) dan. 2s 
15 i = l ‘ Jan. 2s 
0 0 2 5 dan, 28 
‘5 4 4 Jan. 31 
5.0 1 4 Jan, 31 
an 5a 2 5 i Jan. 31 
” 0 1 6 5 Jan. 
5.0 l i ‘ dan 
73 5.0 2 ‘ dan 
65 (?) 10.0 2 r I dan. 2 i j 
0 7 Feb. 10 
(2) 2 7 Jan. 21 
5 13 1 ‘ Jan, 2s 
5 15 2 5 Jan. 50 
5 15 il Jan. & 
3 1 Jan, % * 
5 1 “a 6 Jan. 
5 20 1 7 Jan. 30 
1 20 “ ! Jan. 
1 | is ‘ Jan. 
1 1 T Jan. 31 
75 2 I ” Feb. 1 
1 “5 2 P 6 Feb. 1 
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\ total of 51 tests were performed on the forearms of eight volunteer 
human subjects. Solutions of ethylene oxide ranging from 1 to 100 
per cent were used. Testing time intervals varied from 20 seconds to 
95 minutes per experiment. While dealing with 100 per cent solutions 
of ethylene oxide we observed that there was a tendency for erythema 
and fine vesiculation to occur on the skin contacting the rim of the tube 
(fig. 9). The central portion of the tested site at all times remained 
uninjured, The explanations proposed for this rim injury are macera- 
tion of the skin by the blunt edge of the tube, forcing the testing solution 
into the skin, and/or a thermal burning effect from evaporation, and/or 
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CONCENTRATION OF ETHYLENE OXIDE, PER CENT BY WEIGHT 


Fig. 10.—The subject response depicting the correlation of exposure time and 
percentage concentration 


a dilution of the testing solution by condensation of vapor on the cooled 
edge of the tube. In all probability the last factor is the important one 
This was demonstrated by sealing the skin-tube junction with petro 
latum, and in this circumstance peripheral injury did not take place 
after a 14 minute exposure. All observations related to these experi- 
ments are recorded in table 1. 

The data of table 1, correlating response with exposure time and 
concentration, are plotted graphically in figure 10. Although there were 


insufficient points to assure an accurate position of the curve, we believe 
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it illustrates the average trend of response with our method of study 
Experiments were discontinued because of the sensitivity which 


b developed in several of the subjects. The experience of subjects is 
shown in table 2. ec 


In addition to the above experiments, observations were mage when 

é pure liquid ethylene oxide was deliberately sprayed on the spin and 
rapidly evaporated. This resulted in an immediate frostingg of the 

tissues, similar to that produced by ethyl chloride spray. This {process 

did temporary damage to the skin and was immediately painfél. The 

central area was blanched and pale, while the periphery of the sprayed 

area was surrounded by an immediate zone of erythema. Within 30 

minutes an urticarial wheal developed over the entire injured area. The 

only symptom was severe itching. Within four hours the wheal had 

disappeared, and the itching ceased spontaneously. No after-effects 

were noted. 


Taste 2.—Exrperience of Subjects 


Subject Contacts 2d Degree Burns Sensitivity 


Yee 
No 


A similar urticarial reaction was observed following a routine test 
in another subject. However, an interval of one and one-half hours 
elapsed before the wheal developed. The duration of this reaction was 


one hour. Itching also occurred with the appearance of the urticaria, 
but ceased on disappearance of the wheal 

It is felt that this type of injury was produced not by chemical injury 
or irritation but by the thermal effect of freezing and possibly the effect 
of histamine lherated from the damaged cells of the injured skin. 

It is generally assumed that skin types with little pigment, such as 
blonds and redheads, burn more readily than heavily pigmented skin 
types, such as brunets. During these experiments, however, we were 


unable to demonstrate any degree of variation in the tendency for any 
of these skin types to be burned 

Figure 10 illustrates that 50 per cent concentrations of ethylene 
oxide are the most hazardous to the human skin, since the manifestations 
arbitrarily chosen for our studies were produced in 45 seconds with this 
solution. We believe this relationship occurs because more concentrated 
solutions boil vigorously, thus preventing efficient skin penetration, 
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while more dilute solutions lack sufficient chemical to cause injury except 
after prolonged contact. As concentrated solutions become more dilute 
and approach the 50 per cent range, the degree of skin injury is pro- 
portionately increased (fig. 11). 

The dermatological effects from ethylene oxide are of three types: 
thermal, chemical and allergic. The thermal effect is a freezing one 
which results from rapid evaporation as in the case of ethyl chloride 
sprayed on the skin. The extent of the chemical burns is dependent on 
the concentration of ethylene oxide in aqueous solution and on the 
length of exposure, factors which probably control the amount and 


Fig. 11 (subject 4).—An illustration of the increase in severity of the lesions as 
the concentration was decreased from 90 to 89 to 75 per cent. Each exposure was 
of five minutes’ duration. 


the depth of the chemical’s penetration of the skin. The allergic response, 
when it occurs, is probably due to repeated second degree burns. 

The chemical effects of ethylene oxide are not the same as those seen 
following thermal burns and ordinary chemical irritants. In several 
respects—the latent period before the development of erythema and 


vesiculation, the large bleb formation, the desquamation and the pig- 


mentation——the burns due to ethylene oxide are all very similar to the 
burns from the mustards.® Ethylene oxide burns are deceptive in that 


6. Davis, M. L. J The Dermatological Aspects of the Vesicant War Gases, 
J. A. M. A. 226:209-213 (Sept. 23) 1944 
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tissue damage is often very much greater than is estimated on initial 
inspection. If allowance is made for this difference, healing conforms 
to the observations of Koontz,” who demonstrated that the healing of 
types of burns of equal intensity was practically the same. 


= 


Fig. 12 (subject 1).—Sensitivity phenomena demonstrating recurrence of the 
erythematous lesions both at sites which had reacted and at 
reacted. 


sites which had not 
SENSITIVITY 

In the course of these experiments, three of the subjects became 

sensitized. All sensitivity reactions were confined to points of previous 

contact and occurred both at injured sites and at sites where no reaction 

had previously taken place (fig. 12). At no time were systemic mani- 


7. Koontz, A. R.: Heat and Mustard Gas Burns, Arch. Surg. 48:284-299 
(April) 1944; abstracted, J. Indust. Hyg. & Toxicol. 26:145 (Sept.) 1944. 
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festations experienced. The constant allergic symptoms were pruritus 
and erythema with slight edema. The apparent ability of this material to 


Taste 3.—Subject 1* 


Degrees 
Time, Min of Reaction 
0 
2atrim 


Percentage 
Concentration 
Ww 
65 
10 


Sensitivity 
appeared 
Sensitivity 
reappeared 


* On February 5, 2 days after the initial contact and five days after the most recent experi 
ment, all prey ous sites of contact, those which bad reacted and those which had not, erupted 
with edema, erythema, pruritus and fine vesiculation. There was slight weeping of two pre 
healed les'ons. Some itching persisted through the desquamaton and pigmentation 
The iIneubation period was 20 days. On February 15, a 56 per eent solution was acci 
face around the right eye. The exposure lasted approximately 
removed with water. Five davs later, on Fe>ruary 18 
itehy. At this time several of the lesions 
All lesions and symptoms disappeared 


viously 
stages 
dentally sprayed on the 
seconds before the material was 
skin around the eye became edematous and 
the aims again became erythematous and pruritie 
on Pebruary 2) 


4.—Subjyect 4* 


Degrees 
Time, Min of Reaction 


Percentage 
Coneentration 
10 


Pat rim 
1 
1 


Sensitivity 
appeared 


initial contact and © days after the last contact, the sites 
where second degree burns had been present became itehy and urticarial and in 24 hours erythe 
matous, ‘These symptoms, whieh were aggravated by sweating and hot water, gradually sub 
sided over a period of three days. The incubation period was 19 days 


* On February #, 10 days after the 


unite with body protein to form an antigen is a property common to 
Landsteiner and Jacobs * stated that 


many skin irritants and vesicants 


8. Landsteiner, K., and Jacobs, | Studies on the Sensitization of Animals 
with Simple Chemical Compounds, |. Exper. Med. 61:643-656 (May) 1935. 
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Jan. 2) 
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most substances which are capable of sensitizing are primary irritants as 
well, but not necessarily so. Goldblatt,” working with war gases, 
reported that the irritants used frequently induced sensitivity on later 
contact after healing of the vesicated skin. The induced contact allergies 
which we observed were probably flare-up reactions and spontaneous 
flare-up reactions of hypersensitive cells interacting with the antigenic 
material. It is not known how long this sensitivity may persist. How 
ever, it is interesting to note that local allergic reactions such as these 
have not been observed in employees who have had frequent contacts 
with varying concentrations of this material over a period of many 
years, 

It should be noted that all sensitized subjects had almost identical 
incubation periods. Grolnick '’ defined the incubation period of a sensi- 
tivity reaction, as it relates to the experimental subject, as that interval 
of time which elapses between the initial contact of an allergenic sub- 
stance and a nonsensitive subject and the first appearance of a specific 


Taste 5.—Subject 7* 


Percentage Degrees 
Concentration Time, Min of Reaction 
5 1 


° 


Sensitivity 
appeared 


* On February 19, 20 days after the initial contact and 9 days after the last burn, the healed 
first degree burn became erythematous and itchy. The tpeubation period was the % day interval 
There findings lasted for two to three days. The unhealed second degr-ee burns beeame eur. 
rounded by erythematous halos measuring 4 in. (10 em.) in diameter. This redness aiso sub 
sided in two to three days. These second degree burns healed slowly over a period of three 
months leaving dark brown pigmented areas 


response at the site of exposure. Our subject 2, who was exposed to 


ethylene oxide 13 times, reacted with five mild first degree rim burns 
plus one second degree burn. Since he did not become sensitized, it is 
presumed that there was insufficient exposure to result in sensitization. 
The contact experiences of the subjects who became sensitized are 
shown in tables 3, 4 and 5. 


SUMMARY 


\ series of experiments were performed on the skin of human sub 
jects with concentrated ethylene oxide and various aqueous dilutions. 
These experiments were made in order to observe the clinical course of 
a typical burn and also to try to correlate the response with the relation- 


9. Goldblatt, M. W. Vesication and Some Vesicants, Brit. J. Indust. Med 
2:183-201 (Oct.) 1945 

10. Grolnick, M.: Contact Allergy of the Skin, Ann. New York Acad. Se 
$0:(Art. 7) 718-742 (Dec. 26) 1949 
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ship between percentage concentration and exposure time. A typical 
lesion is described, and the results of the experiments are illustrated 
graphically. These show that the most hazardous dilution is approxi- 
mately in the range of a 50 per cent solution. An attempt is made to 
explain this phenomenon, 

Of the eight subjects studied, sensitizaticn developed in three 19 to 20 
days after the first experiment and 5 to 9 days after the last experiment. 
Uniformity of the incubation period was noted, Sensitivity was mani- 
fested by the flare-up and spontaneous flare-up reactions. It is unknown 
how long the subjects remained sensitized. An attempt is made to 
explain the etiological mechanism of sensitization. 

An_ ethyl-chloride-like reaction was observed when pure ethylene 
oxide was rapidly vaporized from the skin. 


CONCLUSIONS 


1. The magnitude of the skin injury from ethylene oxide seems to 
be influenced and determined by the length of time of contact and the 
concentration, The most hazardous dilutions seem to be those in the 50 
per cent range. 

2. It can be stated with confidence that pure anhydrous liquid 
ethylene oxide does not cause primary injury to the dry skin of man. 

3. Rapid vaporization of pure liquid ethylene oxide sprayed on the 
skin results in a freezing reaction of the skin. 

4. Repeated skin injury can result in such delayed sensitivity mani- 
festations as the flare-up and spontaneous flare-up reactions. 


Messrs. D. B. Moncrief, E. W. Poinier Jr, K. D. Sales, C. E. Arnold, R. K. 
Wilson and G. A. Creighton acted as volunteer subjects in these experiments; Mr. 
W. Lanham drew the charts (figs. 1 and 10); Mr. R. L. Warner made the 
photographs 
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THE PATCH TEST—ITS TECHNIC AND INTERPRETATION 


WALTER WEINBERGER, M.D. 
ALTOONA, PA. 


HE GROWTH of industry and the development of new materials 

for consumer use have brought greater numbers of new and old 
chemicals to attention in contact dermatitis. This growth has contributed 
to the value of the diagnostic patch test, which is now accepted not only 
as a means of determining the causative agent but also as an aid in 
differentiating between occupational and nonoccupational contact der- 
matitis. On the other hand, the patch (or epidermal) test has been 
widely publicized, almost to the point where, to paraphrase the common 
saying “He could not see the woods because of the trees,” it has 
become impossible to see an industrial dermatosis because of the patch 
tests. Nevertheless, it is important to discuss critically the technic of 
the patch test, its modifications, variations, indications, value, limitations, 
dangers, interpretation and reading 

Patch testing is exceedingly valuable in certain cases, but it must not 
and need not be used in that great group (80 per cent) of cases of 
occupational dermatitis due to primary irritants. Only about 20 per cent 
of the cases of industrial contact dermatoses are actually due to true 
sensitization phenomena. In this group of cases of specific allergic 
contact type eczematous dermatoses the patch test can be applied. It 
may here be added that only about one third of the cases of dermatoses 
occurring in industrial workers will prove to be of occupational origin, 
and it should be realized that in about 10 per cent of the cases of definite 
occupational dermatoses an exact diagnosis may be impossible 

It is essential, then, that a clear distinction be made between sub- 
stances which are primary cutaneous irritants and those which are called 
skin sensitizers before any description of patch testing is undertaken.' 

\ primary cutaneous irritant is an agent which will cause dermatitis 
by acting directly on the normal skin at the site of contact if it is 


permitted to act in sufficient intensity or quantity for a sufficient length 


of time; €. g., strong acids, alkalis and solvents will cause a burn or an 


1. (a) Schwartz, L., and Peck, S. M The Patch Test in Contact Dermatitis, 
Pub. Health Rep. §9:546 (April 28) 1944; ()) Dermatitis from Wearing Apparel, 
J. A. M. A. 228:1209 (Aug. 25) 1945 
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inflammatory reaction of normal skin. A cutaneous sensitizer is an 
agent which does not necessarily cause demonstrable changes on first 
contact but may effect such specific changes of the skin that after a latent 
period or a preallergic phase of five to seven days or more, further 
contact on the same or other parts of the body will cause dermatitis, 
e. g., sulfonamide compounds, wearing apparel, cosmetics, the developers 
used in photography and some primary irritants in weak concentration. 

Certain fundamentals of skin testing must be understood before the 
patch test is applied. 

With Rostenberg,? one discerns three types of allergy, viz.: (1) the 
anaphylactic, atopic or immediate wheal type, which is exemplified by 
urticaria, asthma, hay fever and by scratch, intracutaneous and passive 
transter tests; (2) the bacterial, tuberculin or delayed papular type. 
which can be observed in diverse cutaneous tests, such as the tuberculin, 
trichophytin, mallein, Schick, Dick and many other diagnostic skin tests ; 
(3) the eczematous, contact or delayed vesicular type, which can be 
found in dermatitis venenata, allergic eczema and the patch test. 

In the first or immediate wheal type of allergy the shock tissues are 
represented by smooth muscle, mucous glands and capillaries; in the 
second or delayed papular type, by reticuloendothelial and mesenchymal 
cells; in the third or eczematous type, by cells of the epidermis and cutis 
and the capillaries. It should be kept in mind that the patch test repro- 
duces the latter type of epidermal reaction only. 


FIELD OF APPLICATION 
The field of application of the patch test comprises dermatitis due 
to (1) plants, (2) industrial chemicals, (3) medicines, (4) cosmetics, 
(5) foods, (6) wearing apparel, (7) dyestuffs, (8) insecticides and (9) 
household articles 


INDICATIONS 


The indications for diagnostic patch testing are (1) outbreaks or 
isolated cases of dermatitis in industry in which workers are in contact 
with sensitizing chemicals; (2) outbreaks or isolated cases of dermatitis 


suspected of being caused by wearing apparel, cosmetics, plants and 
other environmental contactants; (3) differentiation between occupa- 
tional and nonoceupational contact dermatitis. 


WHEN AND WHERE TO PERFORM PATCH TESTS 


Che impression seems widespread that patch tests should not be 
performed while an eruption is still present, because a flare-up of the 
dermatitis might take place. The period most favorable to a positive 


2. Rostenberg, A. Jr.: Cutaneous Allergic Disorders: A Review of Funda- 
mental Theory with a Discussion of Certain Clinical Entities, M. Clin. North 
America 33:177 (Jan.) 1949 
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reaction is at the time when the dermatitis is still present and active 


Relative hyposensitivity may develop when the dermatitis is disappear- 
ing or after it has disappeared, with the result that the patch test would 
tend to be negative (refractory period following an attack, due to 


exhaustion of antibodies). Experience and judgment are necessary in 
: choosing the proper time for performing the tests. Obviously, if one is 
dealing with a patient who has a generalized dermatitis, it is better 


either to wait until the eruption has improved or, if the test is carried 


out while the eruption is present, to use a low concentration of the 


suspected chemical. A yeneralized eruption following the patch test 
indicates a high degree of sensitivity. Such eruptions are exceedingly 
rare. Flare-ups of quiescent eruptions are not uncommon after patch 


tests. These also indicate high degrees of sensitivity. In cases of true 
allergic dermatitis, the skin all over the body is sensitive, and patch tests 
can be applied at any convenient site. ‘The most rapid reaction, all other 
factors being equal, will take place on areas of the skin where the 
keratin is thinnest. The thick keratin laver of the palms and soles 
explains why patch tests made at these sites give negative results and 
why contact dermatitis is seen in these locations only occasionally. 


TYPES OF PATCH TESTS 


1. Covered patch test: (a) testing with liquids, (>) testing with 
solids, powders, crystals. 


2. Uncovered patch * test. 


3. Modifications of the patch test: (a) celluloid chamber method of 
Rokstad,* (b) vapor test of Miescher," (c) cellophane*-collodion 
covering (Grolnick"), (d) window patch test (Guild*), (e) quan- 
titative drop method of Wedroff,* (f) Scotch cellulose tape covering 
(Sulzberger “ and Hansen”), (g) “artificial perspiration” added to 


3. (a) Birmingham, D. J.; Campbell, P. C., Jr. and Schwartz, L.: Use and 
Abuse of the Patch Test, Indust. Hyg. Newsletter 8:3 (June) 1948. (>) Schwartz 
and Peck.'# 
4. Rokstad, I.: New Modification of Patch Test (Chamber Method), Arch 
Dermat. & Syph. 41:649 (April) 1940. 
5. Miescher, G.: Die Dunstprobe beim Ekzem, Schweiz. med. Wehnschr 
< 70:93 (Feb. 3) 1940 
6. Grolnick, M.: Studies in Contact Dermatitis: Adhesive Plaster Dermatitis ; 
Technics for Surface Testing on Patients Sensitive to Adhesive Plaster, J 
Allergy 7:341 (May) 1936. 
7. Guild, B. T.: Window Patch Test, Arch. Dermat. & Syph. 39:807 (May) 
1939, 
8. Wedroff, N Die Tropfmethode zur Priifung der Ueberempfindlichkeit 
der Haut gegen chemische Stoffe, Arch. f. Dermat. u. Syph. 167:225, 1933. 
9. (a) Sulzberger, M.B., and Wise, F The Contact or Patch Test in 
Dermatology: Its Uses, Advantages and Limitations, Arch. Dermat. & Syph 
23:519 (March) 1931. (5) Hansen, P.: Einige Untersuchungen tiber die Ein- 
wirkung der Seife auf die Haut, Acta dermat.-venereol, 17:589 (Sept.) 1936 
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test substance ( Schwartz and Peck ) and (/) Moro’s inunction (or per- 
cutaneous ) test. 

4. Variations of patch test: (a) contrast reaction (Jadassohn). 
(/) quantitative patch test (Dunn, cited by Birmingham and others *), 
(¢) cosmetics usage test (Schwartz and Peck '*), (d) provocative 
patch test (Schwartz and Peck"), prophetic patch test 
(Schwartz '’), (f) paired patch test (Behrman and others '') and (¢@) 
mucous membrane patch test (Goldman and Goldman '*; Farrington '*) 


TECHNICS 


1. Covered Patch 
apphed to an area of normal skin and is covered with an inert impervious 


Test.—A small amount of the test material is 


material (nonmoisture-proof cellophane), and this in turn is sealed with 
a square of adhesive plaster. 

(a) Testing with liquids: A portion of absorbent fabric such as 
4-ply gauze or flannel about 44 in. square is saturated with the suspected 
liquid, the excess pressed out and the moistened patch applied to the 
test area of the skin, preferably the back or an arm. The patch is 
covered with a 11 in. square of noncoated cellophane.” A 3 in. square 
of adhesive plaster is then used to seal the test material and the cello- 
phane* to the skin. The same method is used for testing ointments. 

(h) Testing with solids, powders, crystals: Solids may be insoluble 
or soluble in water. When insoluble in water, they should he allowed to 
dissolve in the appropriate solvent and the fabric soaked in the solution. 
The absorbent fabric is then allowed to dry before being placed on the 
skin. ‘The powder or small crystals may also be placed on the absorbent 
fabric which has first been moistened to make the material more adherent 
when placed on the skin, Cellophane™ is used in patch testing because it 
forms a zone of demarcation between the test reaction in the center and 
the adhesive tape reaction, if any, in the periphery. Larger patches of 
tape are preferable, because they are less likely to be lost. 

2. Uncovered Patch Test.--Certain substances which adhere to the 
skin when painted on in solution may be left uncovered, e. g.. nail 
lacquer. Twenty-four hours is the usual time allotted for test contact 
However, with certain weak concentrations or low grade sensitizers, it 


10. Schwartz and Peck.'® Birmingham and others.°* Schwartz, I Dermatitis 
from New Synthetic Resin Fabric Finishes, ]. Invest. Dermat. 4:459 (Dec.) 1941 

11. Behrman, H. Combes, F. C.; Weissberg, G.; Mulinos, M. G.. and 
Hurwitz, M. M The Cold Permanent Hair-Waving Process, J. A. M. A 
140:1208 (Aug. 13) 1949 

12. Goldman, L., and Goldman, B Contact Testing of the Buccal Mucous 
Membrane for Stomatitis Venenata, Arch. Dermat. & Syph. 50:79 (Aug.) 1944 

13. Farrington, J Modifications of the Goldman Technique for Contact 
Testing of the Buccal Mucosa, J. Invest. Dermat. 8:59 (Feb.) 1947 
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may be necessary to allow test contact for as long as 72 hours. In such 
instances it must always be remembered that the longer the test material 
remains in contact with the skin, the greater the chance of inducing 
sensitivity. No test material of any sort should be left on for more 
than five days, as the patient by that time may become sensitized to the 
test (or patch) material. 

3. Modifications —(a) Celluloid chamber method of Rokstad*: A 
celluloid chamber fixed to the skin with adhesive tape, or, in case of 
sensitivity to adhesive tape, with a zinc oxide-gelatin-glycerin paste, 
can be used for testing the primary irritant effect of volatile substances. 
The irritant solvent is placed on the skin and covered with the chamber. 

(b) Vapor test of Miescher*®: This is another method of testing 
volatile substances. Small cvlindric tubes open at both ends are fastened 
to the skin, a wad of absorbent cotton is introduced into the upper por- 
tion, two to three drops of the test material are placed on the cotton and 
a cork is inserted over the cotton into the upper opening. Contact 1s 
maintained for two hours, 

(c) Cellophane*-collodion as covering (Grolnick®): In order to 
avoid possible adhesive tape reactions, Grolnick advocated the use of 
nonmoisture-proof cellophane held in place by collodion. ( Moisture- 
proof cellophane® consists of regenerated cellulose coated with a water- 
insoluble resin. The latter, a potential sensitizer, 1s not present im 
non-moisture-proof cellophane.” ) 


(d) Window patch test (Guild*): The window patch modification 
was introduced by Guild to facilitate constant observation and control 
of alkalinity or acidity. A 1 inch (2.5 cm.) glass square is fixed to the 
skin by adhesive on three sides; the substance to be tested is introduced 
from the open edge and the latter is then closed off, too. 

(e) Quantitative drop method of Wedroff*: Wedroff suggested 
that primary irritants be applied in varying concentration in alcoholic 
solution, dropwise, and that they be left on the skin uncovered 


(f) Scotch cellulose tape covering (Sulzberger and Wise “*; 


Hansen ®): This covering was devised to increase visibility 


(g) “Artificial perspiration” added to test substance (Schwartz and 
Peck '): It is sometimes advisable to use so-called artificial perspira- 
tion to moisten the test substance because the hydrogen ion concen- 
tration of the perspiration, especially in such areas as the axilla, may 
play a role in the solubility of the irritant under investigation. The py 
of the axillary sweat is usually on the alkaline side, and that of the 
sweat on the body proper is on the acid side, the py varying from 5 to 
about 8. To approximate the py, of the perspiration, the liquid used for 
moistening the patch can he acidified with dilute acetic acid or alkalinized 
with dilute ammonia. 
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(fh) Inunction (or percutaneous test) of Moro: The test substance 
is incorporated into an ointment base and gently rubbed into the skin. 

4. Variations of the Patch Test.—(a) Contrast reaction ( Jadassohn) : 
The contrast reaction consists in testing simultaneously a normal and 
a previously or at present affected skin site. 

(bh) Quantitative patch test (Dunn): This test was designed by 
Dunn to determine the sensitizing index of a substance as well as the 
degree of individual sensitivity. One tests a fairly large number 
of subjects, using a constant skin area, a constant amount of the test 
substance and a constant concentration and letting the test substance 
remain for a constant time. The number of reactions will indicate the 
sensitizing index of the test substance. To determine the individual's 
degree of sensitivity, one tests the subject with several patches, using a 
constant skin area and a constant length of time while varying the 
amount or the concentration of the test substance. The relative sensi- 
tivity of different individuals is determined by using on the several 
persons a constant area of skin, a constant amount of the test substance 
and a constant concentration of the same for a constant length of time. 

(c) Cosmetics usage test (Schwartz and Peck '): When one is 
dealing with volatile substances, especially, one carries out this test, as 
described by Schwartz and Peck, by applying the material daily on the 
same spot for four weeks on a fairly large number of subjects. 

(d) Provocative patch test (Schwartz and Peck '): This method 
was recommended by the authors for cases in which patch testing with 
a dilute concentration of allergens such as are found in fabrics elicits 


no positive reaction even though from the history and actual exposure 


the allergen seems to be the precipitating factor. It is carried out by 
simultaneous application of one patch with a dilute concentration and 
a second with a strong concentration. Positive reactions will develop 


at both sites if the test substance is the inciting agent 

(¢) Prophetic patch test (Schwartz '’): This test was introduced 
by Schwartz for the purpose of foretelling whether a substance will or 
will not produce dermatitis. [It is used to determine possible irritant 
qualities of new chemicals applied in the manufacture of wearing 
apparel, cosmetics or other articles coming in contact with the skin. The 
patch test is made on 200 or more persons in the usual way. Since the 
chemicals or compounds to be tested are new ones, it is presumed that 
there has been no previous contact. Two series of patch tests are 
carried out on the same persons 10 to 14 days apart. The first series 
of tests would give reactions only with a primary irritant or with people 
who have been sensitized by previous contact. The second series shows 


the number sensitized by the first series. Experience has shown that 
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even one positive reaction among the second series may indicate that 
the test substance is a sensitizer which could lead to outbreaks of 
dermatitis if allowed to be used by large groups of people. 

(f) Paired patch test (Behrman and co-workers ''): This test is 
made in duplicate with identical technic on symmetric areas of the skin. 
The simultaneous duplication of a positive or a negative reaction may 
he considered as the equivalent of four to six standard single patch tests 
statistically, making paired patch testing a far more accurate and reliable 
diagnostic aid than the routine patch method. 

(g) Mucous membrane patch test (Goldman and Goldman '*; 
Karrington'*): Patch testing on mucous membranes is considered 
when stomatitis from direct contact with an allergenic substance is 
suspected as is the case with penicillin, tooth paste and similar possible 
allergens. The technic was described by Goldman and Farrington. 
Briefly it consists in fastening the test substance with collodion on a 
small rubber suction cup, which is held in place on the surface of the 
teeth. Dental floss is used to tie the suction cups in place when such 
fixation is desired. The allergen is usually held in place for about 20 
to 30 minutes. The mucosa on the contacting surface is examined for 
a reaction several hours to a day later. 

In a similar fashion the vaginal mucous membrane is tested for 
contact sensitiveness by incorporating the allergenic material in a 
suppository, inserting this suppository into a vaginal nozzle with lateral 
indentation, introducing the nozzle into the vagina and making sure 
that contact of the test material with one spot of the vaginal lining is 
maintained for the desired length of time. 

(h) Multiple repetitive patch test (Schwartz, cited by Goldman '*). 
The technic consists in making repeated 48 hour applications on the 
individual site and then, two weeks later, repeating the 48 hour test at 
this site and on untested skin. 


INTERPRETATION 
The interpretation of the patch test requires both experience and 
sound judgment. Following removal of the patch, a sufficient time (15 
minutes) should elapse before the results are read. This is to allow 
any local trauma from the application and the removal of the patch to 
subside. Reactions are commonly designated as 1 plus, 2 plus. 3 plus 
or 4+ plus and are identified as follows: 


1 plus: Erythema at site of contact 
2 plus: Erythema and edema at site of contact 
3 plus: Erythema, edema and beginning vesiculation 


4 plus: Erythema, edema, distinct vesiculation and at times ulceration 
14. Goldman, L..: Dermatologic Aspects of Insect Repellents and Toxicants, 
Arch. Dermat. & Syph. 62:256 ( Aug.) 1950 
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With the sensitizer the test is used as an eliciting reaction in the 
presupposition that the sensitizing contact has taken place and the 
incubation period elapsed. A positive reaction indicates that the subject 
was sensitive to the suspected offender at the time of the test. If a 
delayed reaction is noted after removal of the test substance, a lower 
order of sensitivity is suspected than if an immediate reaction had 
occurred, 

A reaction induced by a primary irritant tends to subside following 
removal of the substance, whereas with an allergic response the intensity 
of the reaction increases following removal of the material. A mild 
reaction—not persisting for at least 24 hours—is probably due to a 
slight primary irritant quality of the test substance or to the mechanical 
irritation 

\ negative reaction suggests that the subject was not sensitive to 
the test substance at the time of the test because (a) hyposensitivity may 
have developed since the original dermatitis was contracted, (>) the 
patch test may not have been performed with the actual offending agent, 
(c) the test may not have equaled the offending substance in strength 
or quantity, or (d) adjuvant physical or mechanical factors (actual con- 
ditions of wear, exposure, friction, perspiration or the like) may be 
necessary to produce dermatitis 

\ positive reaction which cannot be reproduced later with the same 
technic indicates that at the time the patch test was performed the 
patient was sensitive to the concentration and quantity of the chemical 
applied 

Che evaluation of a weakly positive reaction (1 plus) depends a great 
deal on the experience of the one making the patch test. In dealing with 
a fabric or other substance containing a weak concentration of a sensi- 
tizer, a | plus or 2 plus reaction is very significant. This is especially 
true in industry, where not only may dermatitis be due to contact with 
the sensitizer in low concentration but there may be added a factor of 
friction, with exposure to large amounts of the chemical, which are 
not present in the patch test 

The degree of reaction will be greatest at the site of greatest con- 
centration. It is for this reason that weak concentrations of sensitizers 
must be left on longer. The patch-tested areas should be observed for 
at least five days after removal of the patches. \ reaction which becomes 
manifest less than. five days after the patch was applied but which was 
not present when the patch was removed is considered a delayed reaction 
Phe delayed reaction indicates that a low degree of specific sensitivity 
is present or that a weak concentration of the sensitizer was used. 

To report the reaction of a patch test properly one should give 
(1) the concentration of the chemical tested, (2) the amount of the 
chemical used, (3) the area of the skin contacted, (4) the site of 
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application, (5) the number of days the patch test was left on and 
(6) the periods after removal of the patch at which the readings were 
4 made. In this way a more comprehensive appraisal of the reaction in 
terms of the degree of sensitivity can be made 


PRECAUTIONS 


AND CONTRAINDICATIONS 


There are several fallacies in patch testing, the most important of 
which are listed here: 
1. Do not perform a patch test with a known primary irritant unless 


this is in a nonirritant concentration 


2. Do not perform a patch test when a dermatitis is widespread and q 


acute. To do so may produce a generalized eruption. 

3. Do not perform a patch test when the patient shows signs of a 
systemic reaction, as such testing may cause misleading responses and 
may harm the patient. 

4. Do not perform a diagnostic patch test with a known sensitizer 
unless the history indicates previous contact with the substance. To 
do so may create a new sensitivity. 

5. Do not perform a patch test with an unknown substance without 
using a control substance or person. 

6. Do not perform preemployment patch tests. To do so may 
produce a sensitivity. Only on rare occasions is such’ a procedure 
justified. 

7. Do not make the patch test the sole criterion of allergic contact 
type eczematous dermatitis. Other criteria are the history, the site of 
the eruption, its appearance and the differential diagnostic data. 

8. Primary irritants and physical agents as inciting causes of der- 
matitis are not detected by patch testing. 


SUMMARY 


Environmental medicine has rapidly expanded during the last decade ; 
and attracted the attention of every responsible physician. The diag- ' 


nostic patch test is an accepted procedure for determining the causative 
noxae of occupational dermatoses. Therefore it seemed justified to 
discuss briefly the technics of the various types of epidermal test, as 
well as their applications, indications, value, limitations, dangers, 
interpretation and reading. 
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COMPARATIVE TOXICITY OF FIVE GLYCEROL ETHERS 


C. H. HINE, M.D., Ph.D. 


P. LOEB, B.A. 
AND 


H. H. ANDERSON, M.D. 

SAN FRANCISCO 
af 

: 4] ECENTLY there fias been an increased interest in the glycerol 
< ethers, because of their potential industrial application as solvents, 
a plasticizers, surface-active agents and stabilizers. In order that safe- 
4 handling procedures may be insiituted and an assessment made of the 
a potential application of these agents, data on the toxicity of certain 
: members of the glycerol ether series had to be obtained. To that pur 
 &§ pose we have investigated five of the glycerol ethers: a-ethyl, a-isopropyl, 

e-allyl, a-phenyl and a,y-diisopropyl. 

: A review of the literature indicated that there were no reports on the 
te : comparative toxicity of the members of the aliphatic substituting glycerol 
— ethers other than an approximation of the subcutaneous LD,, values 
in mice. 

COMPOUNDS INVESTIGATED 
a Phe chemical and physical properties of the compounds included in this toxi- 
2 cologic study are presented in table 1. 
VAPOR EX POSUKE— MICH 
7 Inbred white male mice (University of California Pharmacology Laboratory 
a strain of Swiss mice) weighing 22 + 2 Gm. were exposed to air saturated with 
F vapors of the four liquid ethers. Saturation was obtained by passing air warmed 
‘ to 25 C. through a vaporizing bottle equipped with a sinterred glass plate of fine 
: porosity and suspended in a constant temperature water bath. The apparatus 
7 used for this purpose was similar in principle to that described by Werner, Mitchell, 
. rhis investigation was supported, in part, by a grant from the Shell Develop 
i ment Company, Emeryville, Calif 
a From the Division of Pharmacology and Experimental Therapeutics, Univer- 
4 sity of California School of Medicine 
sy 1. Berger, F. M., and Bradley, W The Pharmacological Properties of 4:2 
Dihydroxy-y-(2-Methylphenoxy)-Propane (Myanesin), Brit. J]. Pharmacol. 1:265, 
7 1946, 
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Miller and von Oecttingen.? The mice were exposed in a glass chamber of 21 L 


capacity through which the metered vapor-saturated air passed at a rate furnishing 


approximately 10 air changes an hour. The concentration of the ether in the satu- 


rated air was calculated as the amount of substance lost from the vaporization 
flask for the total air flow. Direct analysis of the concentration of the ether in 
the exposure chamber was not carried out. However, values obtained by the 


indirect calculation compare closely with those obtained by direct analysis when 
this method of obtaining vapor saturated air is employed.’ Both single 
repeated exposures were carried out. 


and 


Single exposures were made for a 24 hour 
period. Repeated exposures lasting 15 minutes, | hour and & hours were carried 
out on three groups of 10 mice for 10 successive days. 


rhe mice were weighed 
as a group before the first exposure period and at the end of the last exposure 
period. All surviving mice were killed 10 days after the last exposure with the 


TABLE Chemical and Physical Properties of Compounds Investigated 


Compounds 
Property 


(Chemical name ¢ sethoxy-1,2 allyloxy-i,2- 3-phenoxy-1,2- Sisepropoxy-l, 1,3-dilsoprop- 
propanediol propanedol pre OXY <-prepapol 
Synonym Glycerol a-ethy! Glyeerol aallyl Glyceryl a-phe Giiyeerol Glycerul a,y-di 
ether ether ny! ether propyl ether tsopropyl ether 
Molecular formula.. CeHieOs CoHieOs 
Molecular weight 120.15 132.16 168.19 134.17 176,25 
Bolling point 160 C. at 100 MIC. atlo at m6 C. at C. at 
mm. He. mm. Hg mm. Hed mm, He mm. He. 
Specific gravity 1.0000 1.0679 1477 1.0189 0.9127 


20 
Kefractive index — 1.4627 05 14195 
D 
Flash point Tag open cup vive 175 F F 
Water.... » Mseible Miscible we Miscible Ww 
Acetone........ Miseible Miscible 1% w Mireible Miscible 
Solubility (20 C.)4 
Miseible Miseible 0.5% Miseible Miscible 
Octane. 00% w 0. w 019% Ww Miscible 


* Acknowledgment is made to the Shell Development Company, Emeryville, Calif., 
these data 

t According to Chemical Abstracts. 

} Specifie gravity and refractive index measured at #0 C. 
Meiting po.nt, 54.8 C. 


# The letter w indicates weight (rather than volume) 


for permission to reprodues 


exception of those in the eight hour group. Five of these were killed three days 
after the last exposure in order to obtain tissues in which histologic changes might 


be maximum. No significant mortality occurred with any of the ethers during 
. the period of time studied (table 2). 


2. Werner, H. W.; Mitchell, J. L.; Miller, J. W., and von Oettingen, W. F 
The Acute Toxicity of Vapors of Several Mono-Alkyl Ethers of Ethylene Glycol, 
J. Indust. Hyg. & Toxicol. 25:157, 1943 


3. Svirbely, J. L.; Dunn, R. C., and von Oettingen, W. F 


The Acute Toxicity 
of Vapors of Certain Solvents Containing Appreciable Amounts of Benzene and 
Toluene, J. Indust. Hyg. & Toxicol. 25:366, 1943. Hine, C. H., and Loeb, P. 
A Simple Procedure for Supplying Specific Vapor Concentrations for Experimental 
Toxicological Studies, to be published. Werner antl others? 
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MIST EXPOSURES-~HAMSTERS 


Male hamsters weighting 125+ 15 Gm. selected from inbred stock raised in 
this laboratory were exposed in a 20 L. glass chamber to a fine spray of each of 
the ethers. Groups of 10 animals were exposed for one hour periods. The mist 
was produced by means of a modified Darby atomizer.‘ The particle sizes and 
droplet concentrations were obtained with each of the liquid ethers by vaporizing 
a constant volume of liquid (20 ml.) from the atomizing bulb at a constant rate 
of air flow (8.0 L./min.). Though the hamsters were thoroughly wetted with the 
mist, there was no evidence of pharmacologic effect. No deaths occurred in this 


group during the exposure period or during the subsequent 10 day observation 
period 


Tawie 2.—Kesults of Acute and Subacute Vapor Exposure in 


Glycerol Ether 


Alpha Ethyl! Alpha Ally! 
Observation 


Exposure time and frequency 24 br min 1 br. br. 15 min 1 hr br 
1 day faily daily daily 1 day daily daily daily 
for 10 for for 10 for tor 

days days days days days 
Gross weight change, Gm + 25.1 + 18.2 49 + 3.6 + 21.0 “4.3 


Coneentration of ether in ambient air, me./L. 0.080 0.249 


Glycerol Ether 


(b>servation 


Alpha Lsopropy! Alpha, Gamma Diisopropy! 

Exposure time and frequency ‘ia 1S min i hr Shr v4 hr. 15 min 1 br & br. 
daily daily daily 1 day daily daily daily 
for lo for for 10 for for tor 0 

days days days days days days 
Gross weight change, Gm 11.6 8.2 + + 2.0 7.5 


Concentration of ether in ambient air, mg./L.*. 0.201 1.49 


* Mean value (daily range + 10%). 


SKIN STUDIES--RABBITS, RATS AND GUINEA PIGS 


The local and systemic effects of the glycerol ethers were studied on rabbits, 
rats and guinea pigs. 

Primary [rritation—Rabbits —Primary irritation studies were conducted accord- 
ing to a modification of the procedure described by Draize, Woodard and Calvery.® 
The backs of albino rabbits were shaved 24 hours prior to testing. A dose of 
0.5 ml. of each ether was applied to three intact and three abraded areas. Contact 


was maintained by means of thin squares of gauze held in place with a rubber 


4. Rosebury, T., and others: Experimental Air-Borne Infection, Microbiologi- 
cal Monograph [1], Baltimore, William & Wilkins Company, 1947, p. 81. 

5. Draize, J. H.; Woodard, G., and Calvery, H. O.: Methods for the Study 
of Irritation and Toxicity of Substances Applied Topically to the Skin and Mucous 
Membranes, J]. Pharmacol. & Exper. Therap. 82:377, 1944. 
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dam for a period of 24 hours.. The skin was examined at the end of 24 and 72 
hours, and the degree of erythema and edema was graded according to an arbitrary 


scale, as indicated in table 3 


Acute Toxicity—Rabbits—Groups of 6 to 10 albino rabbits 


were used to 
determine the acute toxicity following percutaneous absorption. 


TABLE 


3.—Primary Irritation Following Twenty-Four Hour Contact of 
Glycerol Ethers and the Dorsal Skin of Rabbits 


Skin Condition * 
Glycero! Ether Rabbit Skin Treatment “4 Hours 72 Hours 
Alpha ethyl! | 


2 v 


Unabraded 0 


Alpha ethyl Abraded 


Alpha ally). Unabraded 


Alpha allyl . ‘ Abraded I 


Alpha phenyl Unabraded 


Alpha phenyl..... 


Abraded 0 0 5 

2? 0 0 4 

0 

Alpha isopropyl ‘ Unabraded 
5 1 0 

6 1 0 

Alpha isopropyl... Abraded 2 


Alpha, gamma diisopropyl! 7 Unabraded 0 0 


Alpha, gamma diisopropyl 


Abraded 


* The seale used is that proposed by Draize and associates 


The rabbits were healthy does and bucks weighing between 2.5 and 4.0 Kg. 
All the ethers were applied in doses of 3.9, 6.0 and 9.4 ml./Kg. and were held in 
contact with the skin for a period of 24 hours. As a rule, two animals were used 
at each dose level. The only compound which produced any systemic effect was 
the diisopropyl derivative. 


One of the two rabbits receiving the top dose of 


94 ml./Kg. became incoordinated for a period of 12 hours following the exposure 


period. No deaths resulted with any of the compounds at the dose levels tested. 
Subacute Toxicity—Rabbits and Rats Daily applications of the four liquid 


ethers were made as the depilated dorsal surface of albino rabbits for a period of 20 


4 0 0 
4 +1 
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days. The agents were evenly distributed in doses of 2 ml./Kg. over an area of 
approximately 100 sq. cm. The phenyl compound was applied in a similar fashion 
to albino rats in a 10 per cent aqueous solution at a concentration of 5 ml./Kg. 
Three animals were used in testing each compound. There was no evidence of 
weight loss or altered behavior during the period of application. Local skin 


changes of a minor nature occurred with three of the agents. A temporary 


erythema immediately following application was noted with the ethyl derivative 
\ brownish discoloration developed by the third day with the phenyl compound 
and persisted dyring the remainder of the experiment. A moderate erythema 
without edema occurred after seven days’ application of the @,y-diisopropyl ether. 
It was of a temporary nature, however, and disappeared three days after the last 
application 


Tame 4—Results of the Eye Irritation Test (Scored According to the 
Classification of Draise 


Individual Average 
Total Total 
Glycerol Ether Rabbit Score Seore 
Alpha ethyl l 
2 


Alpha allyl... 


Alpha phenyl..... 
Alpha lsopropy! 


\lpha, gamma diisopropyl 


Sensitisation—Guinea Pigs—The sensitizing properties of each ether were 
tested on groups of three male guinea pigs weighing approximately 350 Gm. The 
method of Landsteiner and Jacobs ® was followed. The results were negative 


EYE IRRITATION RABBITS 


Following the technic of Draize and associates,> we made a study of the irrita- 
tion produced in the mucous membrane, cornea and iris by 0.1 ml. of each ether 
instilled into the conjunctival sac. One eye of each of two rabbits was used. The 
results, shown in table 4, are the sum of the scores at 1 hour, 24 hours and 96 hours 
for each rabbit. Fluorescein staining of the cornea for evidence of loss of corneal 
substance was performed with every instillation. There was no evidence of corneal 
ulceration with any of the agents. 


INTRAGASTRIC ADMINISTRATION MICE 


Aqueous solutions of the ethers were administered intragastrically with a blunt 
needle and syringe. Swiss mice of the inbred laboratory strain, weighing between 
20 and 30 Gm., were used, with an approximately equal distribution of males and 
females. The mice were starved 15 to 20 hours prior to treatment but were allowed 


water ad libitum. The treated animals were observed critically for two hours after 


6. Landsteiner, K., and Jacobs, J.: Studies on Sensitization of Animals with 
Simple Chemical Compounds, J. Exper. Med. 61:643, 1935 
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dosing, and once daily thereafter for a period of ten days. The “logarithmic-probit 
graph paper’ method of Miller and Tainter’ was used in determining the LDw 
values. 
. The five ethers were qualitatively similar in the systemic effects produced after 
their oral administration. The outstanding sign was flaccid paralysis preceded by 
moderate incoordination. Stimulation prior to paralysis was infrequent, and sensory 
depression was noted only with lethal doses. Death was due to respiratory failure, 
the heart frequently being felt to pulsate after diaphragmatic movements had 
ceased. Quantitatively there was considerable variation in the lethal dose, the onset 
of paralysis, the duration of paralysis and the time of death (table 5). The greatest 


individual variation was noted with the ¢-isopropyl derivative. The 4,y-diisopropyl 
derivative was the most potent while the ethyl compound had the longest latent 


TasLe 5.— Acute Intragastric Toxicity of Glycerol Ether in Mice 


Time of Death 


Dose Days Mor > 
(ML/ Hours - tality SE 

Glycerol Ether Kg.) 2 1s $4567 910 Ratio (MI./Kg.) 


Alpha allyl 


Alpha phenyl 


Alpha isopropyl 


\ipha, gamma diisopropyl 


period for onset of paralysis. The ethyl compound also was the longest actor, with 
the majority of deaths occurring after the first day 


PATHOLOGIC OBSERVATIONS 


. \ll animals which died during the course of the experiment were 
subjected to postmortem examination, their tissues being examined 
grossly. In addition, representative animals were killed at the conclu- 

a sion of a suitable period of observation in order to obtain appropriate 
tissues for microscopic study. Sections of the following tissues were 
routinely obtained *: brain, heart, lung, liver, spleen, stomach, small 

7. Miller, L. C.. and Tainter, M. L.:. Estimation of the ED » and Its Error by 

Means of Logarithmic-Probit Graph Paper, Proc. Soc. Exper. Biol. & Med. 

57:261, 1944. 

8. Acknowledgment is made to Dr. E. Lowenhaupt, of the division of path jogy 
of the University of California School of Medicine 


. for her assistance in evaluating 
the microscopic changes noted. 
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intestine, kidney and bladder. In the skin studies, a section of skin 
was also excised for microscopic examination, There were no con- 
stant microscopic changes which could be associated with exposure 
to the ethers. One mouse which received 8.0 ml./Kg. of the allyl deriv- 
ative intragastrically was found to have an area of acute focal necrosis 
in the liver when examined four days after administration. Cne mouse 
in the subacute a,y-diisopropyl vapor exposure group showed moderate 
fat infiltration of the liver. The skin of rats which received the 20 
day subacute appheation of this agent showed microscopic as well as 
gross evidence of inflammation. 


COMMENT 

The pharmacologic actions of the alpha glycerol ethers were quali 
tatively similar. The chief pharmacologic actions were the diminution 
of tone of skeletal muscle, which sometimes extended to complete 
paralysis, depression of blood pressure and vasodilatation, and the 
absence of central analgetic activity except with high doses. Arranged 
in order of increasing oral toxicity, the glycerol ethers studied were 
a-ethyl, a-isopropyl, a-allyl, a-phenyl and a,y-diisopropyl. None of the 
ethers produced any significant mortality in mice exposed to air satu- 
rated with their vapors for periods as long as eight hours daily for 
10 days. The compounds offer no practical hazard from the aspect of 
their percutaneous absorption and are devoid of any serious damaging 
effects to the intact skin. Though applied daily for 20 days, they 
failed to cause any necrotizing effects. The mild primary irritation 
which resulted with most of the agents and was greatest with the a,y- 
diisopropyl derivative was probably due to their dehydrating action. In 
this respect the glycerol ethers were less active than ethyl alcohol or glyc- 
erin itself. The fact that the vapor pressures of the glycerol ethers are 
low at room temperature minimizes the hazard from their inhalation. In 
this respect they resemble the glycols. Unlike the glycols and the 
alcohols, the glycerol ethers do not cause sensory depression even if 
absorbed in moderately large quantities. The ethers possess about the 
same order of toxicity as the cerresponding aliphatic alcohols. With 
the exception of ethylene glycol, the glycols are less toxic when admin- 
istered in single oral doses than are the glycerol ethers. The majority 
of glycols, however, are nephrotoxic, and small doses produce cum- 
mulative effects. 

\ll hve ethers may be classified " as practically nontoxic with respect 
to their percutaneous absorption. The a-ethyl and a-isopropyl deriv 
atives should be designated as practically nontoxic after ingestion, while 


9. Hodge, H. C.. and Sterner, J. H Tabulation of Toxicity Classes, Am. 
Indust. Hyg. A. Quart. 10:93, 1949 
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the a-allyl, a-phenyl and a,y-diisopropyl ethers would fall into the 
slightly toxic class. 


Apart from the possibility of accidental ingestion the glycerol ethers 
are not likely to cause poisoning through ordinary industrial application. 


SUMMARY 

An appraisal of the acute toxicity and local cutaneous effects of 
five glycerol ethers indicated that these compounds would create no 
serious problems through their industrial application. 
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TOXICOLOGICAL STUDIES OF COMPOUNDS INVESTIGATED FOR 
USE AS INHIBITORS OF BIOLOGICAL PROCESSES 
|. Toxicity of Vinyl Propionate 


ANTHONY M. AMBROSE, Ph.D. 
ALBANY, CALIF. 


a INSIDERABLE research is being conducted on the development 
of methods of preventing or minimizing heating and deterioration 
of stored seed. Among the methods under investigation is the applica- 
tion of chemicals, used alone or in combination with drying or forced 
ventilation. Altschul ' and Condon, Lambou, Vignes, Loe and Altschul * 
have reported that a number of chemicals minimize heating and forma- 
tion of free fatty acids in moist cottonseed. These same authors have 
conducted preliminary mill-scale storage tests with some of these 
chemicals to determine whether the laboratory experiments can be 
duplicated on a much larger scale. Among chemicals found active were 
vinyl propionate, ethylene chlorhydrin, propylene glycol dipropionate 
and 1,3-dimethyl-4,6-bis (chloromethyl ) benzene. 

Even when the use of these or similar chemicals is found to be 
economically feasible, their ultimate use will depend on the demonstra- 
tion that no serious public health hazard is presented when they are 
used and applied to the seed or when they or their decomposition prod- 
ucts are consumed as an integral part of the diet. 

This report dealing with toxicological studies on vinyl propionate 
(VP)—to determine the effects of the chemical when inhaled, when 
applied on the skin and mucous membranes and when ingested—is the 
first concerning a series of studies of chemical compounds investigated 
for use in the treatment of seeds to inhibit biologic changes. 


From the Pharmacology Laboratory, Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, United States Department of 
Agriculture 


1. Altschul, A. M.: Chemical Treatments of Seeds to Prevent Heating and 
Deterioration During Storage, Dallas, Texas, The Cotton Gin and Oil Mill Press, 
Jan. 1949 

2. Condon, M. Z.; Lambou, M. G.: Vignes, J. L.; Loe, J. B., and Altschul, 
A. M Inhibitors of Heating and Deterioration in Seeds: I. Ethylene Chlor 
hydrin and Related Compounds, Plant Physiol. 24:241, 1949 
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Since no information was found in the technical literature, respecting 


the toxicity of vinyl propionate when administered by various routes 
to experimental animals, extensive toxicological studies were under- 
taken. 

Vinyl propionate has the following structural formula: 


CH, — CH-O-C-C,H.,,. 


It is sparingly soluble in water and readily miscible with organic 
solvents. It is soluble in all proportions in ethyl alcohol. In odor it 
resembles ethyl acetate. No information is available on its boiling point 


or vapor pressure ; however, the volatility of vinyl propionate is of about 
the same order as that of ether. 


EXPERIMENTAL. PROCEDURES 


Inhalation—An 18.5 L. cylindrical wide-mouth glass bottle placed horizontally 


on a cradle was used as the gassing chamber. Two suitable holes were drilled in 
the bottom of the bottle to permit the introduction of flexible copper tubing. One 
opening, which served to deliver air to the chamber, was fitted with a long piece 
of copper tubing along the long axis of the bottle, and the other opening was 
fitted with a short piece of copper tubing to remove the exhaust air from the 
ceiling of the chamber. A piece of '4-in. wire mesh was fitted in the bottle, 
which served as a platform for the animals. The air-delivery tube was fitted 
below this platform. The open end of the bottle was fitted with a suitable cap 
and gasket, to make the chamber air tight (fig. 1). 

Rats were exposed to a stream of air laden with vapor of the material to be 
tested. Air was forced through the material contained in a glass gas-washing 
tower fitted with a fused-in fritted-glass filter. The stream of air flowing through 
the material was regulated from 570 to 1,100 ml. per minute, as measured by a 
“wet test gas meter” or by a calibrated flowmeter. 

Experiments were conducted in which animals were subjected for varying 
periods to inhalation of air containing varying concentrations of the materials 
under investigation. In each experiment, previously unexposed rats were used 
Analyses of the atmosphere in the chamber were not made. However, the 
volume of material used up from the gas-washing bottle was measured after each 
exposure or, in the case of multiple exposures, at the end of the last exposure 
The concentration of substance in the air flow was determined from the volume 
loss incurred during the exposure and the total flow 

No attempts were made to control the temperature of the chamber. However, 
the initial temperature of the chamber with five rats weighing approximately 
300 Gm. each was 25 C. After the rats had been in the chamber for five hours 
with an air flow of 570 ml. per minute, the temperature never exceeded 28 C. at a 
room temperature of approximately 24 ( 

Adult albino male rats weighing 300 to 450 Gm. each were used in groups of 


four or five. Previous to exposure these rats had been used in our breeding colony 
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and had been maintained on our regular laboratory stock diet of the following 
percentage composition: corn meal 73, casein 10, linseed oil cake meal 10, alfalia 2 


cod liver otf U.S. P. 3, bone ash 1.5 and sodium chloride 0.5. After exposure 
- 
all surviving rats were returned to suitable cages and observed for 15 days 


Symptoms of toxicity developing during the course of exposure and during the 
15 day period after exposure were watched for and recorded. On 


every rat 
dying during the exposure period or during the period of observation an autopsy 
was made, and gross observations were recorded Some of the 


symptoms 


watched for during the period of exposure were as follows: increased activity, 
scratching of nose, tearing, salivation, increased micturition, defecation, hyperpnea, 


dyspnea, apnea and death. 


These symptoms did not necessarily occur in the order 
given nor did all the symptoms listed appear with all compounds studied. 


46.5 
cm. 


Fig. 1—The inhalation chamber. 


Topical Application (for Irritation), by the Procedure of Draise, Woodward 
and Calvery In these studies both rats and rabbits were used. In each case the 
animals were prepared by removing superfluous hair from the skin of the trunk 
with clippers. These tests were conducted as follows : 


1. Patch test. Gauze patches measuring approximately 1 by 1 inch (adhesive 


compresses) were attached to the clipped, unabraded skin of animals by means of 


adhesive tape, and measured amounts of the compound under investigation were 
applied directly to the compress. In order 


to minimize evaporation, a suitable 
rubber sheeting was applied over the compress and around the trunk of each 
animal 


In the case of volatile substances, the material was reapplied at five- 


3. Draize, J. H.; Woodward, G., and Calvery, H. O Methods for the Study 
of Irritation and Toxicity of Substances Applied Topically to the Skin and Mucous 
Membranes, J. Pharmacol. & Exper. Therap. 82:377, 1944. 
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minute intervals during the course of one hour. During this period the animals 
were immobilized. In the case of agents producing 


no visible skin reactions or 
systemic effects, the procedure was repeated for one hour each day, Saturday and 

Sunday excluded, until some reaction was produced or for eight hours 


In the 
in section 4 below was 


event no reactions were observed, a test as outlined 
conducted. 


2. Scratch test. The clipped skin of animals was 


abraded with specially 
prepared “abraders,” which were made from wood applicators 
had been 


The tips of these 
dipped in molten hard Dekhotensky cement, and just before cooling the 


cemented tips had been covered with emery powder S.E. 
compress was applied over the abraded area. 
described under “Patch Test” above 


no. 9. An adhesive 
Agents under study were applied as 


3. Intradermal test. An intracutaneous injection of 0.1 ml. was made 


4. When the material did not appear to produce any local or systemic effects, 
the procedure described by Draize and co-workers * was followed 
of tests only rabbits were used. 


In this series 
The rabbits were prepared by clipping the skin of 
the trunk free of hair and placing a loose-fitting rubber sleeve around the trunk 
of the rabbit. The rabbit was immobilized and the 
the sleeve 


material introduced under 
The dose of agent added was on the basis of body weight 
was kept immobilized with the agent in the sleeve for 24 hours 
material was recovered and measured. Reactions 
erythema and edema of 
tions, etc. 


The rabbit 
Any unused 
were recorded as follows: 
varying degrees, weeping, scarring, necrosis, no reac- 


In the tests described, all animals were observed over a period of 15 days. 


In 
addition to the reactions mentioned, animals 


were observed for any possible 
systemic effects, for appetite and for loss in bedy weight 


5. Tests on mucous membranes. The possibility that the mucous membranes 


may be irritated by the various agents was determined on the rabbit's conjunctiva 
and penile mucosa. One-tenth milliliter of the 


agent was instilled into the con- 
junctival sac 


On the penile mucosa enough of the agent was applied to wet the 
area thoroughly ; 0.2 to 0.5 ml. was found to be adequate 


Reactions were recorded 
as follows 


in the eye, no reaction, mild to severe irritation, edema, clouding of the 
cornea, chemosis (conjunctival swelling) 


; on the pemle mucosa: erythema, edema, 
necrosis and sloughing of the mucosa 

Chronic Ingestion.—The effect of prolonged oral ingestion of the various agents 
used to inhibit biologic oxidation in seeds was studied in rats by the drug-diet 
method. The material under study was 


thoroughly mixed with the basic diet, 
which was ground purina® dog chow 


The percentage of vinyl propionate in the 
diet was computed on a volume to weight basis 


Weanling albino rats from our stock colony were used for the chronic toxicity 
studies. Rats in groups of five each were placed either on the basic diet alone or on 
a the basic diet containing varying concentrations of the material under investigation. 
Starting with the highest concentration, each succeeding concentration employed 
was, as a rule, 50 per cent lower than that preceding it 
which this procedure was found to be inadequate, 
were fed. Food and water were allowed ad 


In some cases, in 
intermediate concentrations 
libitum At weekly imtervals the 
body weights of the rats and the food consumption of each group were determined 


All groups of rats were continued on their various dietary supplements for 
at least 180 days except in cases in which the dietary supplements were toxic ; in 
these cases the feeding experiments were terminated by death of the rats. With 
each compound under study, one dietary level was selected on which rats were 


ay 
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continued for approximately 400 days. On completion of the feeding experiments 
all surviving rats were killed with ether and exsanguinated, and careful autopsies 
made. All organs were examined for any possible gross pathologic changes, and 
portions were removed, fixed in 4 per cent formaldehyde solution and stained with 
hematoxylin and eosin. Parafhn sections of the following tissues were prepared 
for histulogical examination: thyroid, heart, lungs, liver, spleen, kidney, adrenals, 


intestine, stomach, pancreas, urinary bladder and reproductive organs 


RESULTS 


Inhalation,—-Vinyl propionate was rapidly fatal to all rats exposed 
to air concentrations of approximately 400, 250 or 110 p.p.m. after 26, 
23 and 40 minutes, respectively. The onset of symptoms depended on 


‘the concentration of vinyl propionate in the gassing chamber. 


The symptoms of toxicity were essentially the same in these three 
groups. Shortly after exposure the rats appeared apprehensive. Respira- 
tion appeared to be stimulated (hyperpnea), followed by dyspnea, apnea 
and death from respiratory paralysis. The heart stopped in diastole, 
and the blood appeared cyanotic. Vinyl propionate appears to be a 
depressant of the central nervous system, influencing respiration more 
strongly than cardiac activity. The rats appeared narcotized. The effects 
observed with vinyl propionate were essentially the same as those seen 
with diethyl ether. 

In rats exposed to air concentrations of approximately 4 p.p.m, for 
one hour a typical respiratory syndrome developed. However, when 
removed to fresh air, the animals recovered promptly and completely. 
Rats exposed to this same concentration intermittently, one hour each 
time, with a two hour rest period between exposures, for six consecutive 
exposures were not seriously affected. During each exposure the typical 
respiratory syndrome was observed, which was promptly and completely 
relieved on removal to fresh air. This effect was not cumulative, since 


rats exposed intermittently were no more sensitive or resistant to each 


succeeding exposure. 


\s controls, five rats exposed to air passing through 95 per cent 


ethyl alcohol at a rate of 570 ml. per minute intermittently for two 
hours at a time during the first day and three hours at a time during 
the second day were not affected. The same rats exposed on the third 
day to air velocity of 1,070 ml. per minute passing through 95 per cent 
ethyl alcohol for two two-hour periods were not affected. During these 
periods the alcohol concentration was approximately 166 p.p.m, for 
exposure at air velocities of 570 ml. per minute and 111 p.p.m. for 
exposure at air velocity of 1,070 ml. per minute. 

Local Cutaneous Application.—When topically applied, either singly 
or after having been administered repeatedly to the abraded or unabraded 
skin of 9 rats in doses of 0.02 and 0.04 ml. every five minutes for one 
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hour each day for four to six days, vinyl propionate produced only a 
slight skin reaction, which cleared up within two davs after the last 
application. 

In rabbits no serious local or systemic reactions were observed. 
However, after the chemical had been applied repeatedly for seven days 
a progressive deterioration of the skin at the point of application was 
observed in 3 rabbits. The skin appeared leathery (coagulated). This 
was undoubtedly due to a solvent effect rather than to a corrosive action 
on the integument. Within about five days after the last application 
the leathery integument sloughed off and was replaced by normal tissue. 

In rats the intracutaneous injection of 0.1 ml. was accompanied by 
a slight degree of necrosis and scarring, which healed in about two days 

Application on Mucous Membrane—When 0.1 mi. of 10 per cent 
vinyl propionate in propylene glycol was instilled inte the conjunctival 
sac of the rabbit, slight chemosis and conjunctivitis resulted within 10 
minutes and persisted for about 24 hours. When 0.2 ml. of 10 per cent 
vinyl propionate in propylene glycol was applied on the penile mucosa, 
slight hyperemia and edema resulted; 24 hours later slight edema was 
still present. When 0.1 ml. of undiluted vinyl propionate was instilled 
on the conjunctiva, it produced extensive chemosis and conjunctivitis, 
which lasted for about three days; on the penile mucosa 0.2 ml. of 
undiluted vinyl propionate produced extensive edema which lasted for 
about three days. Seven days after treatment both the treated eyes and 
the penile organs appeared normal. 

Chronic Ingestion.—The toxic effects of continued oral administra- 
tion of vinyl propionate were determined in young weanling female rats 
weighing approximately 41 Gm. each. Eleven groups of five rats each 
were used as follows: one group, which served as a control, was fed 
the basic diet, and each of the remaining groups was fed the basic diet 
supplemented with varying concentrations of vinyl propionate as listed in 
the table. 

Rats fed the 0.64 per cent vinyl propionate diet were kept on their 
dietary regimen for 392 days. Rats fed the other dietary levels of vinyl 
propionate were kept on their regimens for approximately 223 days 
before they were killed and examined 

In figure 2 growth curves for rats fed diets containing 0.32, 0.64, 
1.28 and 2.56 per cent vinyl propionate and for the controls fed the 
basic diet alone are given; growth curves for rats fed diets containing 
less than 0.32 per cent vinyl propionate are not given, since these growth 
curves fall within the range of the curves given in the figure. In the 
table statistical data are presented for all groups of rats. The growth 
curves of rats receiving 0.005 per cent through 1.28 per cent vinyl 
propionate closely parallel the growth curve of control rats. 


In rats 
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receiving 2.56 per cent vinyl propionate there appears a slight inhibition 
of growth; it is particularly evident between 35 and 70 days of the 


Vean Body Weights and Food Consumption of Female Rats Fed Diets Containing 
Vinyl Propionate (1'.P.) for Approximately 210 Days 


Food 
Consump 
Rats Mean Weight, Gm tion, 
Supplement Start End Start End Increase Rat/ Day 


Control 6 211.2 170.6 10.9 
VP os 5 716.8 175.2 11,2 
VP 5 § 43.2 195.0 7.23 4 11.7 
VP 41.6 179.2 12.16 11,7 
VP 5 5 4146 720.4 187.8 4.4 12.0 
6.08% VP 5 219.4 178.2 4,70 12.1 
0.32% VP 5 185.4 10.02 
6.64% VP 42.2 215.6 4.55 


Standard error of the mean 
where M; is the mean of the control set of observations and Mo the 


mean of any other set. e: and ¢ are the standard errors of Mi and Ma, 


(es) respectively Values of 3 or greater are considered significant 


T 


VINYL PROPIONATE 
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AVERAGE BODY WEIGHT IN GRAMS 


70 105 140 175 210 
OAYS ON DIET 


Fig. 2.—Growth curves of female rats fed diets containing vinyl propionate. 


feeding experiment and again between 140 and 210 days. The slight 
inhibition of growth appearing in these periods was not due to a loss 
of weight in all rats within the group but rather to a considerable 


loss of weight in one rat. Thus it is probable that vinyl propionate was 
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not the immediate causative factor but may have been a contributing 
factor. From the table the data based on mean increase of body weight 
show that all animals with the possible exception of those receiving the 
highest dose made a normal gain in weight during the first 210 days 
of the experiment. The slight difference of growth between the rats 
whose diet contained 2.56 per cent vinyl propionate and the controls 
was not significant. 

The last column of the table gives data on the mean food con- 
sumption of rats fed the control diet as well as on that of rats receiving 
the varying concentrations of vinyl propionate in the diet. The mean 
food consumption per rat per day was computed from the total food 
consumed over 210 days. On inspection of the table it 


can readily be 
seen that rats fed diets containing 0.005 through 1.28 


per cent vinyl 
propionate consumed as much or more food than did the controls, Rats 
receiving 2.56 per cent vinyl propionate consumed about | Gm. per rat 
per day less than the control rats., This slight difference in food con 
sumption in this group of rats might be accounted for on the basis of 
one sick rat in the group. 

When the data for the weekly food consumption of each group of 
rats were analyzed at approximately 60 day intervals, there were no 
statistically significant differences in food consumption between control 
and experimental animals. 


Autopsies were made on all rats used in these experiments, and 
sections of all organs were taken for microscopic study. Since the 
findings were essentially negative, only the general conclusions of the 
pathologist's report are included. “The feeding of vinyl propionate” to 
rats in their diet for approximately 220 days “produced no structural 
damage ascertainable by the technique used,” in the following organs 
studied: thyroid, heart, lungs, liver, spleen, pancreas, stomach, intestine, 
kidney, urinary bladder, adrenals and ovaries. The tissues of five rats 
that were fed 2.56 per cent vinyl propionate for 392 days showed “no 
tissue changes of significance with respect to the vinyl propionate” in 
the diet. 


SUMMARY 


AND CONCLUSIONS 

Studies have been presented on the toxicity of vinyl propionate 
administered to rats by various routes 

1. Inhalation, Air concentrations of vinyl propionate of approxi- 
mately 110 p.p.m. or more were rapidly fatal to rats. In lower con- 
centration, 4+ p.p.m., vinyl propionate did not appear to be toxic. At 
all com entrations of vinyl propionate a respiratory syndrome developed, 
similar to that seen with diethyl ether under the same conditions, which 
was promptly and completely relieved when the rats were removed to 


fresh air. The effect produced by vinyl propionate in the lower con- 
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centration was not cumulative, since rats exposed intermittently for six 


hours were no more sensitive or resistant to each succeeding exposure. 


2. Local application. Undiluted vinyl propionate locally applied to 


the intact or the abraded skin of rats and rabbits produced no serious 
local or systemic reactions. Slight chemosis and conjunctivitis were 
observed when 0.1 ml. of 10 per cent vinyl propionate in propylene 
glycol was instilled into the conjunctival sac of rabbits, persisting for 
about 24 hours. On the penile mucosa 0.2 ml. of 10 per cent vinyl 
propionate produced slight hyperemia and edema. Undiluted vinyl 
propionate (0.1 ml.) in the conjunctival sac produced extensive chemosis 
and conjunctivitis. Undiluted vinyl propionate (0.2 ml.) on the penile 
mucosa produced extensive edema of the tissue. In both mucosae the 
pathologic developments lasted for about three days. By the seventh day 
both organs appeared normal. 

3. Chronic ingestion. Rats maintained on diets containing 0.005 
through 2.56 per cent vinyl propionate for at least 220 days showed no 
significant toxic reactions as determined by growth and histopathological 
study of stained tissue sections. 

From the experimental data obtained on rats, it is tentatively 
suggested that unnecessary or prolonged exposure to vapors of vinyl 
propionate be avoided or reduced to a minimum, Cutaneous and mucosal 
absorption of vinyl propionate and prolonged ingestion of food con- 
taminated with this chemical do not appear to present serious health 
hazards under the conditions of the experimental procedures reported 
herein. 


800 Buchanan Street. 


Dr. A. M. Altschul, of the Southern Regional Research Laboratory of New 
Orleans, supplied the vinyl propionate used in these studies. Dr, Lelland J. Rather, 
of the department of pathology of Stanford University School of Medicine, 
San Francisco, made the pathologic examinations reported herein. Mr. P. V 
Marsh and Mr. E. K. Doxtader, of the pharmacology laboratory, Bureau of 
Agricultural and Industrial Chemistry, Agricultural Research Administration, 
United States Department of Agriculture, Albany, Calif., gave technical assistance 
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TOXICOLOGICAL STUDIES OF COMPOUNDS INVESTIGATED 
FOR USE AS INHIBITORS OF BIOLOGICAL 

PROCESSES 

Hl. Toxicity of Ethylene Chlorohydrin 


ANTHONY M. AMBROSE, Ph.D. 
ALBANY, CALIF. 


HIS REPORT on ethylene chlorohydrin (ECH) is the second of 

a series dealing with toxicological studies of agents proposed for 
the inhibition of biological processes of seeds, based on various routes of 
administration or exposure. 

Ethylene chlorohydrin was first reported by Denny ' as an effective 
agent in hastening the early sprouting of dormant potatoes. More 
recently, Condon, Andrews, Lambou and Altschul * have investigated it 
as a means of treating seeds for the inhibition of biological activity. 
Ethylene chlorohydrin is also employed as a solvent for cellulose acetate, 
resins and lacquers, as a solvent in the cleaning and dyeing industry, 
and in organic synthesis. The dangers in the use of ethylene chloro- 
hydrin have been reported by Koelsch,® Middleton,* Dierker and Brown,* 
Goldblatt and Chiesman,® Goldblatt,’ Smyth and Carpenter * and by 
Bush, Abrams and Brown.°* 

From the Pharmacology Laboratory, Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, United States Department of 
Agriculture. 

1. Denny, F. E.: Chemical Treatments for Shortening the Rest 
Plants, J. Soc. Chem. Indust. 47:239, 1928; 
Research Contrib. 14:1-14 (July-Sept.) 1945 


Periods of 
joyce Thompson Inst. for Plant 


2. Condon, M. Z.; Andrews, F. R.; Lambou, M. G., and Altschul, A. M 
Inhibition of Heating and Lipolysis in Seeds, Science 105:525, 1947 

3. Koelsch, F Die Giftigkeit des Athylenchlorhydrins, Zentralbl. f 
Gewerbehyg. 14:312, 1927 

4. Middleton, FE. L.: Fatal Case of Poisoning by 
Indust. Hyg. & Toxicol. 12:265, 1930 

5. Dierker, H., and Brown, P Study of a Fatal Case of Ethylene Chlor 
hydrin Poisoning, J. Indust. Hyg. & Toxicol. 26:277, 1944 

6. Goldblatt, M. W., and Chiesman, W. E Toxic Effects of Ethylene 
Chiorhydrin: 1. Clinical, Brit. J. Indust. Med. 1:207, 1944 

7. Goldblatt, M. W Toxic Effects of Ethylene 
Experimental, Brit. J. Indust. Med. 1:213, 1944 


Ethylene Chlorhydrin, J 


Chlorohydrin Il 
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Up to the present, studies on the toxicity of ethylene chlorohydrin 
in experimental animals have been limited to those reported by Koelsch ° 
and Goldblatt.’ Their studies were based for the most part on the 
effect of ethylene and chlorohydrin after inhalation, after cutaneous 
absorption and after oral and intraperitoneal administration. 

Because of interest in the fact that this material is employed as an 
inhibitor of biological processes in seeds which subsequently are used as 
food supplements, studies were suggested, based on the possibility that 
toxicity develops after prolonged ingestion of food treated with the 
material. In the present report the effects of prolonged ingestion of 
ethylene chlorohydrin are described as demonstrated in rats by the 
drug-diet method. In addition studies were conducted on the toxicity 
of ethylene chlorohydrin in rats and rabbits exposed by inhalation or by 
local cutaneous application of the agent. 


MATERIAL 


AND METHODS 


Ethylene chlorohydrin is a colorless liquid of faint ethereal odor. Its chemical 
formula is Cl-CH»e-CH-OH. It is miscible with water, benzene, alcohol. It boils 
at 125-132 C., and its vapor pressure at 20 C. is 4.9 mm. Hg. Apparently it is 
quite volatile, for, as reported by Koelsch, an open vessel containing it and 
standing for one hour at 23 C. loses about 1.12 Gm. by evaporation; with a 
current of air blowing across the vessel at 22.5 C., about 2.9 Gm. evaporates in the 
same time 

The experimental procedures used in these studies were essentially the same 
as those previously described.’ 


RESULTS 


Inhalation.—The toxicity of inhaled ethylene chlorohydrin was 
studied in rats by the method as previously described.'° With this 
compound, air velocity through the bubbling tower and the animal 
chamber never exceeded 570 ml. per minute. In all cases five adult 
male rats were exposed to varying concentrations of aqueous solutions 
of ethylene chlorohydrin. The tower containing the various dilutions of 
the agent was placed in a water bath, and the temperature of the bath 
was maintained at 40 C. throughout the period of exposure. 

In the concentrations studied ethylene chlorohydrin appeared to be 


rapidly fatal, although deaths were delayed one to two hours after 


& Smyth, H. F., Jr.. and Carpenter, C. P Note upon the Toxicity of 
Ethylene Chlorhydrin by Skin Absorption, J. Indust. Hyg. & Toxicol. 27:93, 1945. 

9. Bush, A. F.; Abrams, H. K., and Brown, H. V.: Fatality and Illness 
Caused by Ethylene Chlorhydrin in an Agricultural Occupation, J. Indust. Hyg 
& Toxicol 31:3382, 1949. 

10. Ambrose, A. M.: Toxicological Studies of Compounds Investigated for 
Use as Inhibitors of Biological Processes: 1. Toxicity of Vinyl Propionate, Arch 
Indust. Hyg. & Occup. Med., this issue. 
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exposure was discontinued. 


150 minutes to air passing through concentrated ethylene chlorohydrin 
before any deaths occurred. Rats exposed for one hour to air passing 
through aqueous solutions containing 12.5, 25 or 50 per cent ethylene 
chlorohydrin died one or two hours after being removed from the cham- 
ber. Rats exposed to vapors coming off 50 per cent ethylene chloro- 
hydrin were moribund when removed from the chamber. With the 
other concentrations used, all rats appeared perfectly normal up to the 
time of death. In all cases death was delayed and uneventful. 

Rats exposed for one hour to a 6.25 per cent aqueous solution of 
ethylene chlorohydrin were not affected. On the following day these 
rats were exposed agai for one hour without any apparent effect. A 
third exposure two hours later proved fatal two hours after the rats 
were removed from the chamber. Not in any 


case were symptoms 
demonstrable, to indicate possible cause of death. 


On every rat dying 
after exposure an autopsy was made immediately, and all organs were 
examined grossly. At death all the rats appeared cyanotic; the blood 
appeared darker than normal, and the liver and the kidneys were defi- 
nitely darker than normal. 


Rats exposed to air passing through water containing 3.13 per cent 
ethylene chlorohydrin were affected only after two one-hour exposures 
two hours apart. Some rats appeared moribund and depressed. On 
the following day the rats appeared normal and were again exposed for 
two one-hour periods two hours apart. When removed from the cham- 
ber, all rats appeared in good condition ; however, 24 hours later one rat 
had a distinct bloody halo around each eye and a staggering gait devel 
oped, which later turned to unilateral paralysis, becoming progressively 
worse until death ensued about five days later 


Exposure of the sur 
viving rats was continued. 


After eight one-hour exposures, paralytic 
symptoms developed in another rat three days after exposure had been 
discontinued ; fifteen days later these symptoms had subsided, but the 
rat appeared emaciated. The remaining rats seemed unaffected 

\lthough death by inhalation is slightly delayed, ethylene chloro- 
hydrin appears to be extremely toxic. Only a small concentration in air 
(7.5 p. p.m. for one hour) was required to cause death by inhalation 
within a short time. A concentration of approximately 4 p. p.m. was 
not fatal to rats after one hour exposure ; however, with two exposures of 
one hour each, with a two hour interval, it was as fatal as 7.5 p. p.m 
\ concentration of approximately 2 p. p.m. did not cause death after a 
single exposure but produced paralysis in some rats, and finally death, 
after repeated exposures. It therefore appears that ethylene chloro- 
hvdrin exposure should be held to a minimum, or that it should be 
handled with suitable protective devices and with ventilation directed 
away from the operator. 
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The rats were exposed continuously for 


° 
3 
3 


594 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Local Application.--Ethylene chlorohydrin was applied to the skin 
of rats and rabbits as previously described.” When 0.5 ml. of undi- 
luted ethylene chlorohydrin or 0.5 ml. of a 50 or a 25 per cent aqueous 
solution of ethylene chlorohydrin (equivalent to 0.25 and O12 mi. 
ethylene chlorohydrin respectively ) was applied to the intact skin of rats, 
it was rapidly fatal; rats died three to five hours after a single applica- 
tion. The application of 1 drop to 50 per cent ethylene chlorohydrin 


in water was not fatal. 


350 rT T T T 


ETHYLENE CHLOROHYDRIN 


AVERAGE BODY WEIGHT IN GRAMS 


° 35 70 "105 140 ' 
DAYS ON DIET 


Growth curves of male rats fed diets containing ethylene chlorohydrin 


\n application of 6.25 per cent ethylene chlorohydrin, equivalent to 


0.03 ml. of the agent, was not fatal; a second application three days ° 
later was fatal to some of the rats. A 3.13 per cent concentration 
equivalent to 0.015 ml. of ethylene chlorohydrin was not fatal to rats 
after four applications on successive days. For rabbits, undiluted 
ethylene chlorohydrin was not as rapidly fatal as it was for rats. After 
0.5 mil. of the material had been applied to the skin on three consecutive 
days, one rabbit died, and after an additional application two more rab- 
bits died. 
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From these studies it appears that ethylene chlorohydrin, whether 
in concentrated form or diluted with water, is absorbed through the 
intact skin of both rats and rabbits. 


In view of its toxic nature, demon- 
> 
strated by both inhalation and topical application, other studies on its 
local toxicity were not made. 

Chronic Ingestion—-The effect of prolonged oral intake of 
ethylene chlorohydrin was determined by the drug-diet method in young 
weanling male rats weighing approximately 47 Gm. each at start of the 
feeding experiment. Eleven groups of five rats each were used as fol- 
lows: One group, which served as the control, was fed the basic diet 
previously described,’® and the 10 remaining groups of rats were fed, 

b respectively, the basic diet containing the following percentage concen- 
Average Body Weights and Food Consumption of Male Rats Fed Diets Containing 
a Ethylene Chlorohydrin (ECH) for Approximately 220 Days 
Food 
Dietary Consump- 
Concentra Rats Average Weight, Gm tion, 
tion - Gm./Rat/ 
of ECH Start End Start End Inerease e t Day 
Control 5 5 46.6 317.6 71.0 14 13.8 

0.02% 5 5 47.5 279.0 O85 14.7 

0.04% 5 5 46.6 323.6 TA 4.78 1.17 14.2 

0.08% 5 47.2 10.08 41 

0.16% 5 5 46.5 270.2 223.4 56 S90 24 

0.24% 5 3 48.7 220.7 181.0 6 14.08 8.9 

standard error of the mean 
nin 1) 
\ 
Mi — where Mi ic the mean of the control set of cheervetions Ms the 
mean of any other set and ¢: are the standard errors of M: and Ms, 
» (er)? + (ee)? respectively Values of r greater are considered significant 


trations of ethylene chlorohydrin: 1.28, 0.64, 0.32, 0.24, 0.16, 0.12, 


0.08, 0.04, 0.02, and 0.01. Food and water were allowed ad libitum 


The food consumption and the weight of each rat in each group were 
grouy 


ascertained at weekly intervals. Rats fed the diets containing 0.24 per 


cent ethylene chlorohydrin or less were continued on the diets for at 
least 220 days. 


Rats fed the diet containing 0.12 per cent ethylene 
chlorohydrin were continued on it for 403 days. The experiments in 
which rats were fed diets containing 0.32, 0.64 and 1.28 per cent ethylene 
chlorohydrin were concluded within 49, 16 and 7 days, respectively, by 
death of the rats. 


The chart shows the growth curves of the rats fed the respective diets 


containing ethylene chlorohydrin and control rats fed the basic diet alone. 


From these growth curves it can readily be seen that rats the diets of 
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which included 0.16 per cent ethylene chlorohydrin or more did not grow 
as well as rats receiving the lower concentrations of ethylene chlorohydrin 


or the controls. The table gives data on the average weights of all the 


rats surviving for approximately 220 days. It also gives the average 


food consumption. The food consumption of all rats except those given 


diets containing 0.16 and 0.24 per cent ethylene chlorohydrin was either 


equal to or greater than that of the controls. The food consumption 
of rats on the 0.16 per cent ethylene chlorohydrin diet was slightly below 
that of the controls but not significantly different. This slight difference 
in food consumption apparently was not great enough to cause a sig- 


nificant decrease in growth. The inhibition of the growth of rats on 
the 0.16 per cent ethylene chlorohydrin diet was undoubtedly due to this 


agent in the diet. The slight difference in growth shown by rats on the 


9.12 per cent ethylene chlorohydrin diet as compared with control rats 


“vas statistically significant. This is further reflected in the body weights 


obtained after 200 days, which indicated that the rats had lost on 


the average about 50 Gm. each during the next 21 days. When the 


dieting of these rats was discontinued on the 403d day, the average 


weight was 311 Gm. This weight was slightly below that of control 
rats at about 220 days. It therefore appears that ethylene chlorohydrin 


4 in concentrations of 0.12 per cent or greater in the diet is definitely toxic 


: or has an inhibitory effect on growth. 


= On completion of the feeding experiments, autopsies were made on 
; all surviving rats, and sections of all tissues were taken for histopatho- 
: logical study. Since the results were essentially negative, only the 
. general conclusions of the pathologist's report are included. No anatomic 


changes regarded as significant were found in any of the animals. The 


following organs were examined: heart, lung, liver, spleen, kidney, 


adrenal, pancreas, stomach, intestine, urinary bladder, testis and thyroid 


SUMMARY CONCLUSIONS 


AND 


Phe toxicity of ethylene chlorohydrin was demonstrated in rats by 


various routes of administration. 


1. Inhalation. Although death by inhalation of vapors of ethylene 


chlorohydrin was delayed a short time, the agent appears to be extremely . 


toxic, Only a small concentration in the inhaled air, 7.5 p. p.m., for 


one hour was required to cause death \ concentration of 4 p. p.m. 


was not fatal if the exposure was limited to one hour; on a second 


exposure after two hours it was as fatal as 7.5 p. p.m. A concentration 


of 2 p. p.m. was not fatal in a single exposure; however, with repeated 


exposure this concentration caused paralysis in some rats and finally 


death 
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2. Local application. A single application of 0.5 ml. of undiluted 
ethylene chlorohydrin or 0.5 ml. of a 50 or a 25 per cent aqueous solution 
of ethylene chlorohydrin (equivalent to 0.25 and 0.12 ml. of ethylene 
chlorohydrin, respectively ) made on the unabraded skin of rats was rap- 


idly fatal. The application of 1 drop of 50 per cent ethylene chloro- 
hydrin did not appear to be fatal. Two repeated applications of 6.25 
per cent ethylene chlorohydrin, equivalent to 0.03 ml. of the agent, made 
on unabraded skin of rats on consecutive days were fatal to some of the 
rats. The application of 3.13 per cent ethylene chlorohydrin, equiva 
lent to 0.015 ml. of the agent, made on unabraded skin of rats on four 
consecutive days was not fatal. With rabbits a single appheation of 
0.5 ml. of undiluted ethylene chlorohydrin did not appear to be toxic; 
however, after three or four applications on consecutive days, all the 
rabbits tested died. 

3. Chronic ingestion. Rats maintained ‘on diets containing ethylene 
chlorohydrin in cohcentrations ranging from 0.01 through 0.08 per cent 
for at least 220 days showed no significant toxic reactions as determined 
by growth and histopathological study of stained tissue sections. In rats 
on diets containing 0.12 per cent or more of ethylene chlorohydrin the 
inhibition of growth was proportional to the concentration of this agent 
in the diet. 

From these studies and from reports of others on human objects 
it is concluded that inhalation of vapors of ethylene chlorohydrin and 
contact of the skin with this chemical should be avoided or reduced to a 
minimum, 

800 Buchanan Street. 

Dr. A. M. Altschul, of the Southern Regional Research Laboratory, New 
Orleans, supplied the ethylene chlorohydrin used in these studies: Dr. Alvin J 
Cox Jr., of the department of pathology of Stanford University School of Medicine. 
San Francisco, made the pathological studies reported herein, and Mr. F. K 
Doxtader and Mr. P. V. Marsh, of this laboratory, gave technical assistance 


ig 

q 

; 
rt 

§ 

i 

: 2 

: 

aq 

a 


News and Comment 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN 
MEDICAL ASSOCIATION 


News Letter, August 25 


The Committee on Industrial Health of the Indiana State Medical Association 
has recognized the need for fuller cooperation of members of the medical profession 
with claimants, employers, insurance carriers, attorneys and the Industrial Board 
of the State of Indiana, in order to expedite compensation cases. 

A joint conference of the Committee and the Industrial Board members was 
held. As a result of this conference, the Committee on Industrial Health drafted 
a statement of policy regarding industrial medicine and medical testimony, which 
was approved by the Executive Committee of the State Medical Association 
and then released to the press and published in the Journal of the Indiana State 
Medical Association. The statement follows 


“The physicians of Indiana are ready and willing to assume their responsibility 
in making the industrial laws of the State function as intended. They wish to 
cooperate with claimants, employers, insurance carriers, attorneys and members 
of the Industrial Board so that cases may be handled promptly and expeditiously. 
“The medical profession is cognizant of the legal responsibility placed on it 
by the State's industrial laws, and it will endeavor to fulfill this obligation 
by working with all agencies involved. In return, the profession welcomes and 
expects cooperation from the other participants. In this way the best interests 
of all parties will be served 

“Inasmuch as the laws clearly define types of injuries, and clearly set forth 
the basis for determining percentage of disability or impairment, members 
of the medical association stand ready to assist and, if necessary, to testify 
in contested hearings, on proper notice by either the claimant or the defendant, 
expressing their opinions in truth exactly as they believe the conditions to be, 
and without bias or prejudice against either side. 

“The Indiana State Medical Association commends the Industrial Board of the 
State for requiring attorneys in contested claims to agree on a date for hearing. 
If allowed two weeks to schedule appointments with his regular patients, 
the physician can most likely arrange his work to be present to testify at 
the appointed time. It should be remembered that emergencies arise which the 
physician cannot control and which may detain him 

“If full and complete cooperation is received from all parties interested in 
industrial cases, the medical profession pledges proper medical assistance to 
every person needing the doctors’ help.” 

After this action was taken by the Committee on Industrial Health, the 


Indiana State Bar Association adopted a similar statement of policy 


CHROMATE MANUFACTURING SURVEYED FOR HEALTH HAZARDS 


An intensive study, requested by representatives of the chromate manufacturing 
industry in this country, is being made by the Division of Industrial Hygiene of 
the Public Health Service, under the supervision of Dr. Harry Heimann of the 
Division of Industrial Hygiene Chromate manufacturing plants are located 
in Maryland, New Jersey, New York and Ohio. The study is being conducted 
in cooperation with these plants and the four states concerned. Evironmental 
studies have been completed in six of the seven chromate manufacturing plants. 
Physical examinations of employees have been completed in one of the plants. It 
is estimated that over 1,000 workers will be examined during the study. Medical 


records of former employees also will be examined. 
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Abstracts from Current Literature 


General 


Periopic HeattH EXAMINATION of Executives. S, CHARLES FRANco, Indust 
Med. & Surg. 19:213 (May) 1950 
Franco discusses the recently inaugurated periodic health examination for execu- 
tive personnel of the Consolidated Edison Company of New York. Inc 


stating m 
detail the methods employed. The 


major emphasis is placed 


on the madividual 
history and physical examination, from which 


are determined the indications for 
turther laboratory examinations, roentgen ray or allergy testing Electrocardio 
grams are made in every case rhe results of 


program of examinations are 
summarized 


rhe most frequent major diseases were cardiovascular 


Two cases 
of unsuspected carcinoma were discovered 


Emphasis is placed on health counseling 
as an important preventative measure in industrial medical programs 


R. K. Funkuouser, Cleveland 


Draretes In INpustry. Josep H. BAkACH, AND OTHERS Indust. Med. & Surg 
19:257 (lune) 1950 
Barach and others discuss the management of diabetes in industry in 


eight articles. Most of the authors believe that the average diabetic is a valuable 


worker, and they support industrial employment of diabetics 


a Series ot 


In many industries 
the management refuses to employ diabetics through a lack of knowledge of the 


disease and a belief that a large amount of 


working time will be lost by all 
diabetics or that diabetics will have repeated 


insulin convulsions in the plant 
hese fears often arise from unfortunate experiences with one or two exceptionally 
poorly controlled diabetics. Employers also stress the added expense of medical 


care plans and retirement benefits. While thoroughly reliable statistics on the 


amount of time lost by diabetics on account of sickness are not available, it appears 


trom several studies that the work record of diabetics is comparable to that of 
normal workers, and in some instances sick rates are lower. apparently due to desire 
ot the diabetics to compensate for their handicap. Diabetes is most common in the 
older age group; therefore, often diabetics are experienced and valuable workers 
Emphasis is placed on the importance of the detection of diabetes 


condition is more likely to develop during later life, 


Since this 


it 1s Often found in those who 
have been employed for several years cannot be placed on preplacement 
examinations alone Diabetes, particularly if unknown to patient or 


doctor 
likely to lead to complications in the 


! event lustrial accident, either by aggra 
vation of diabetes or by gangrene or infection. This lends furthe r pomt to diabetes 
detection campaigns. 


In many instances diabetics who must take insulin cannot be employed for such 
jobs as driving buses, trains or aircraft. In these cases it is important to control 
diabetes without insulin, if possible. Refinements of treatment necessary to accom- 
plish this are outlined by Dr. Sippy in the last article of the series 
lhe first article, by Joseph Barach, summarizes the history of diabetic diagnosis 
and management in a way that lends 


perspective to present day treatment of 
the disease 


K. Funknouser, Cleveland 
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SOLVING THE SoLvent Prostem. Rowert A. Kenoe, Indust. Med. & Surg 
19:313 (July) 1950. 


INpUsTRIAL Wastes. TRANSACTIONS oF CONFERENCE ON InpUsTRIAL WastEs— 
Fourteenth ANNUAL Meeting InpustRiAL NDATION OF 
America, Inc. Hyciene Founpation oy America, INc.. Pitts- 
burgh, Pa., Transactions Bulletin no. 13, Nov. 18, 1949. 


The Industrial Hygiene Foundation of America, Inc., held its fourteenth annual 
meeting to discuss the causes, effects and remedies of air and stream pollution 
resulting from the disposal of industrial wastes. The papers presented covered 
the meteorologic and chemical aspects of air pollution, the effects of air pollution 
on public health and several aspects of problems confronted in controlling pollution 
of streams. A great deal of emphasis was laid on public relations and legal 
problems encountered in the control of industrial wastes 

Air-borne industrial wastes present two problems to the industrial community 
lhe first is a nuisance problem—the soiling of clothes, paint, etc., and the corrosion 
of metals. Secondly, they present a health problem 

Meteorologic studies show that certain geographic locations favor the produc- 
tion of smog. In such regions industrial concerns must control their air-borne 
wastes especially carefully to avoid a recurrence of the Donora type of smog 
episode. To evaluate the health hazard that may arise from industrial air pollution, 
further studies of concentrations of noxious substances under different atmospheric 
conditions are necessary. Diurnal and seasonal variations of air currents in the 
locality under consideration should be studied as an influence on the extent of 
air pollution 

The Donora episode revealed lack of knowledge of the toxicologic effects 
exerted by various agents in air-borne industrial wastes on large segments of the 
population of the industrial community. Most of the published data concern 
healthy workers exposed to a given concentration of a substance during periods 
such as the eight-hour working day, whereas all the deaths at Donora, Pa., were 
among the older members of the population who had previously established 
heart disease. 

The control of water-borne wastes should be undertaken by each industry 
using water. The goal is for each manufacturer to return water of the same 
degree of purity as that which he has drawn from his source. The removing 
of wastes at the source where they are added to the water simplifies the control 
of stream pollution, since each manufacturer knows best the chemical nature of his 
wastes, and the removal of such substances is simpler before extensive mixing 
and dilution have occurred 


Public relations must be kept in mind as one of the most important aspects 


of the control of industrial wastes. The population of the industrial community 


should be kept informed concerning the problems confronting the manufacturer 
in controlling his wastes as well as of progress made in control of both air-borne 


and water-borne wastes. 
Virctnta E. Powerit, Needham, Mass. 


Tue Psyeutarric Aspect or Miners’ Nystacmus—Il S. Stern, Brit. J 
Ophth. 34:385 (June) 1950. 
Stern says that in a previous paper it was shown that miners’ nystagmus is a 
disorder of emotional and not of organic origin. 

rhe emotional etiology has received further confirmation from consideration of 


the geographic distribution. Perusal of the figures for miners’ nystagmus in Britain 
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during the last few years, when arrangements for compensation were stable. shows 
that the cases are capricious in distribution from pit to pit and from district to 


district, and inconstant in numbers from time to time. In America, where no 


compensation was paid, there was virtually no complaint of miners’ nystagmus, and 
in Belgium, where such compensation was not paid for more than six months. 


YS per cent of miners recovered within this period. In Germany the cessation 


ot compensation for mild miners’ nystagmus was followed by a fall in the number 
ot cases to one tenth in five years, whereas in Great Britain the reverse process 
was followed by a rise in numbers. It is difficult to conceive of an orgamic disease 
which would behave in this way, but such behavior is characteristic of emotional 
disorder 

In order to determine the precipitating cause of miners nystagmus a standard 
psychiatric examination was carried out on 35 patients with this complaint At the 
conclusion of this examination the man’s confidence had been obtained, and he w 


as 
asked to what he attributed his breakdown. In 18 


cases the breakdown was 
attributed to the man finding the work too hard or too harassing. In 11 cases 
anxiety seemed to be the precipitating cause of breakdown, this anxiety having been 
converted into hysterical symptoms to a varying degree 
resulting from the hazards of work. Psychosis, 
or dissatisfaction with the work were other 
nystagmus 


It was usually an anxiety 
psychoneurosis, domestic upsets 


tactors responsible for miners’ 


Phat anxiety is a precipitating cause of breakdown in one third of the cases 
1s not surprising in such a dangerous occupation, and there was clear evidence 
that in most cases this anxiety was related to the hazards of underground work 
Its fixation on the eyes is to be expected, because they are the organs most important 


to the miner and his locus minoris resistentiae. This anxiety is converted into 


physical hysterical symptoms which have a symbolic meaning—the eyes, and some- 
times other parts, tremble with fright: the blepharospasm and blinking show fear 


of injury and are also related to the need for frequent blinking in a dusty atmos- 
phere. The photophobia shows failure to adapt to changing conditions of illumina 
tion, and the headache and giddiness symbolize worry and bewilderment 
lhe author further cites evidence that suspiciousness, childishness and dependence 
are trequent in miners and in considering the psychological mechanisms he suggests 
that potency phantasies are involved in miners’ nystagmus. A 
various observations suggests that the miner is uncons iously | 


phantasies, and breakdown is to be expected when these show 


summary of the 
reoccupied in power 
signs of failing to be 
his postulate also explains the 


miner's sense of hostility to the community and the nature and frequency 
disputes 


met, so that he feels impotent at his work 


of mining 
Thus a study of miners’ nystagmus has shed light on the nature of the 
miner and his industrial relations 


PsyYCHONEUROSIS IN INDUSTRY. L. S. W ALLMAN, M. ] 
18) 1950. 


Australia 1:228 (Feb 


Notes on Work PLACEMENT or PERSONS 


SUFFERING FROM Conpitions 
Accipents. Jan Kyostocn, Pracovni Lékafstvi, 2:64, No. 2, 1950 


In Knobloch’s view, problems concerning work placement of those suffering from 
conditions following accidents have been relatively well studied, 
tion with the accidents considered in insurance schemes 


already very good not only j 


mainly in connec 
The specialized service is 
n determining general working capacity but also in 


estimating the loss of earning capacity, taking into account the occupation of the 
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injured, The author admits that not sufficient attention has been paid as yet to 


making proper use of the remaining capacity of the injured person with reduced 


earning capacity. He further recommends the working out of a guide to make 


possible a uniform classification of work according to its strenuousness. He stresses 


the difficulty of assessing conditions following accidents involving the hands, par- 


ticularly those of the fingers in manual workers. He considers it necessary to 


judge conditions following injury of the hands and particularly of the fingers of 


qualified workers individually, with the assistance of technical consultants from the 


industries which are considered suitable for the placement of the partly disabled 


person. The author further deals, in general, with classification of post-traumatic 


conditions in other parts of the body and deals with some questions concerning 


difficulties met with in injured persons lacking the will to return to employment 


He deals with the pecuniary interest raised by the compensation claim, which acts 


as a hindrance to rehabilitation. He recommends settlement in a lump sum in 


cases of work accidents causing diminished earning capacity. He further analyzes 


regulations governing disablement in relation to the public interest of making full 


use of manpower as far as the partly disabled are concerned. Finally he discusses 


questions connected with consent for operation 


ADAPTATION oF AUTHOR'S SUMMARY. 


PROVISIONAI Act CONCERNING CONDITIONS OF EMPLOYMENT IN AGRICULTURE 


Norwecian GOVERNMENT Pustication, Oslo, Norway, March 1950 


Chapter Il of this act gives the rules for protecting workers against accidents 


and occupational diseases. Employers have the responsibility of furnishing housing 


accommodations as well as providing working conditions and equipment adequate to 


protect workers’ health and life. Workers must do their best to prevent accidents 


and ill health. More serious accidents (more than one week incapacity for work) 


must be reported by the employer to the Labour Inspectorate. Physicians treating 


workers for occupational diseases also have to report to the Inspectorate. Persons 


under 18 years of age shall not be employed at jobs where special precautions 


are necessary. The Labour and Factory Inspectorate is supervising the enforcement 
of the Act 


ARNE Bruuscaarp, Oslo, Norway 


Physiology and Nutrition 


Errecr Foutowrse [xpustrrat Cyanipe Exposure. H, L. Harpy, 
W. McK. Jerrries, M. M. Wasserman and W. R. Wapveii, New England 
1. Med. 242:968 (June 22) 1950 


Iwo cases of thyroid change following occupational exposure to cyanides in 


the case-hardening industry are presented. In both patients, as might have been 


expected, more than the absorbed cyanide radical was undoubtedly operating to 


produce thyroid disease, although their occupational exposure may have been 
} 


the decisive etiologic factor. It is suggested that the thiocyanate arising as a 


result of the body's ability to detoxify the cyanide radical by combination with 


sulfur-containing molecules is responsible for the thyroid effects In case | 


many of the features of reported toxic manifestations of thiocyanates used im the 


therapy of hypertension were present This further suggests that previously 


reported cases of chronic cyanide poisoning in industry may in reality have been 


instances of thiocyanate intoxication because of individual differences in excretion 


i the thiocyanate radical alone or with excessive cyanide exposure. 


\uTHORS’ SUMMARY 
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Occupational Diseases and Hazards 


Fare or Ow Particurs in tHe Lunes AND Trem 
DEVELOPMENT oF Broncutocentc Carctnoma. | R. Sante, Am. J. Roent- 
genol. 62:788 (Dec.) 1949. 


RELATIONSHIP 


Sante summarizes the available knowledge concerning the 


response of the lungs 
to instillation of various types of oils, namely, highly 


refined vegetable oils free 


trom fatty acids, animal oils and mineral oils. It is noted that the vegetable oils are 


eliminated without evidence of damage. Animal oils produce acute lipoid pneumonia, 


but complete recovery and elimination of the oi! may oceur. Mineral oil is taken up 


by the alveolar phagocytes but is not digested by them and may result in acute 


lipoid pneumonia or chronic granulomatous infiltration, or “parafiinoma,” hard 


fibrous masses containing the oil droplets and located at the lung roots 


The author presents two cases of bronc hiogenic carcinoma. In both cases liquid 


petrolatum had been used daily for a period of years. In one case the pathological 


studies indicated that the carcinoma arose in an area ot organized lipoid pneumonia, 


while in the other organizing lipoid pneumonia was present throughout the tumor 


bearing area. In view of the fact that many hydrocarbons are known to be 


carcinogenic, the author speculates that liquid 


petrolatum may have been an 
etiologic agent in these cases 


R. Crristensen, Boston 


SIDEROSIS: A BENIGN Preumocontosis Dur rHe INHALATION oF Iro~ Dust 


Part If: An Srupy OF THE PULMONARY REactTION FoLLow 


ING INHALATION oF Dust GENERATED BY For 


NDRY CLEANING Room Opera- 
rions. A. J. Vorwacp, P. C. Pratt, T. M. Durk AN, A. B 
D. A, Battey, Indust. Med. & Sure. 19:170 | April) 1950 


DELAMANT and 


rhe pneumonoconiosis of workers employed in foundry cleaning rooms had 


been said by some to be due to silic a, by others to be due to iron Che authors 


of this paper produced lesions similar to those tound in workers by exposing rab 


bits, rats and guinea ngs to dust collected in a foundry cleaning roon The lungs 
} 


of these animals were subjected to histologic examination and chemical analysis 


There were elongated foci of accumulated dust in the lungs of the animals, without 


fibrosis, either of alveolar walls or of hilar lymph nodes. The silica content of 
the lungs of the guinea pigs was found to be around one twenty-fifth of that found 
in the lungs of guinea pigs exposed to quartz dust. No 
the dust was found either on fresh or on 


guinea pigs 


Significant effect of 
resolving R, tuberculous infection in 


The authors conclude that (1) the shadows seen in siderosis are due t iron 


oxide, which is relatively radiopaque ; (2) three species of animals react to ch an 


ing room dust in the same manner as to “imert” dusts, that is, without fibrosis, 


and (3) it is strongly suggested that workers employed in cleaning rooms in the 


foundry industry do not show a predisposition to tuberculosis 


Good reproductions of roentgenograms and histologic sections are included in 
the paper. 
pat R. K. Funknouser, Cleveland 


THe RELATIVE INFREQUENCY oF OccuPaTIONAL DerMatTos AUTOMOBILE 


Workers. James R. Roctn anp Marion W. Jocz, 


ndust. Med. & Surg 
19:219 (May) 1950. 


The authors cite figures from their large | automotive industry 
illustrating the infrequency of occupational der 
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cases of dermatosis seen, only one third were thought to be industrial in origin 
Che incidence of dermatosis was stated as 143 per cent, that of occupational 
dermatosis as 0.66 per cent. In a group of 76,000 workers only nine dermatologic 


patients were allowed compensation, and in their cases the average cost of 


compensation was one seventh of the cost in the average nondermatologic com- 


pensated case R. K. Fuxnxunovuser, Cleveland. 


Ocevrarionat. Dermatoses. G. Bameer, Practitioner 164:385 (May) 1950. 


According to Bamber, dermatitis is the most common of the industrial derma 
toses, but intections must not be overlooked. Anthrax still occurs in those who 
handle hides and wool, although, with the newer therapeutic measures, it is not 
so serious as it used to be. Other occupational infections are erysipeloid in 
those who handle meat and fish; primary tuberculcsis of the skin and a host 
“yf other diseases that may be transmitted from animals to the farm worker and 


the vetermary surgeon-—cowpox, contagious pustular dermatosis, actinomycosis 


ringworm. Yeastlike fungi attack the skin of confectioners and workers in sugar 


After long-continued exposure to certain irritants, such as tar and ultraviolet 
radiation, the skin shows degenerative changes which may eventually become 
cancerous Rarely, epitheliomas may develop rapidly on tar burns, and the 
author has seen several young men with scrotal epithelioma who had worked 
on low temperature carbonization retorts for less than three years. 


The author discusses the clinical features of some of the industrial lesions 


: of skin and then takes up questions of diagnosis, prognosis, treatment and pro 


phylaxis 


Hazarps or Berytitum. G. R. Royston, Practitioner 164:391 (May) 
1950 


Royston lists among the industrial uses of beryllium its use in alloys, fluorescent 
lamps, incandescent lamps, neon sign tubing, gas mantles, x-ray windows, 
radio tubes, electric heating elements, phosphor compounds, vitreous enamels, 


textile fibers and chemical, pharmaceutic and atomic energy products. 
In earlier days doubt was cast on the toxicity of beryllium, but it is now 
known that beryllium and its salts produce acute pulmonary, chronic pulmonary, 


dermal and systemic manifestations. After briefly discussing the different lesions, 


the author stresses that, whenever possible, harmless substitutes for beryllium 


should be used. In this direction considerable success has been achieved in the 


fluorescent lamp industry in Britain by the introduction of halophosphates which 
contain no beryllium. When beryllium must be used, as in certain alloys, much 
has been done to diminish the hazard of inhalation and direct contact. Such 
measures include exhaust ventilation and the wearing of masks. Protective 
clothing has been made available, and clean overalls should be issued daily. Both 
the clothing and the overalls should be discarded before meals. Adequate washing 


facilities should be provided before meals and at the end of the shift. Regular 
medical examinations with periodic roentgenologic surveys of the chest also help 
in the detection of early cases, and it is probably wise to limit the choice of 
workers to those who have no history of chronic respiratory infection. Preventive 
measures should be taken in the firm's time. The worker should receive instruction 
the 


concerning risks involved and the methods of prevention 
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OccuPATIONAL CARCINOGENESIS. M. W. Practitioner 164: 404 (May) 
1950 
After discussing the skin cancers produced in animals by means of polycyclic 


hydrocarbons, Goldblatt takes up factors predisposing to “spontaneous” development 


of tumors. He shows that however the causes of occupational tumors may differ 


from the unknown causes of “spontaneous” tumors, the clinical and pathological 


teatures are more or less identical. This is the more evident in that the occupational 


tumor may appear many years after all demonstrable vestige of the carcinogenic 


hazard has long since disappeared 
He then discusses occupational carcinogenesis in relation to. the industries 


or occupations in which it is observed. Although great attention is given to animal 


experiments, it cannot be said that because a particular substance is a carcinogen 
to animals it is also a carcinogen to man, and it would be dangerous to conclude 


that because a subctance has not been shown to be a carcinogen in animals 
it is therefore not a carcinogen in man 
The author discusses the carcinogenic effects of roentgen rays, of radioactive 


substances, of aromatic amino compounds, of arsenic compounds and of several 


other substances, such as chromates, beryllium and the industrial materials which 


produce blood diseases simulating neoplastic disease 


PxNeumocontosis Dur to Grapuite Dust S. R. G. Mas 
C. Horie, Thorax 4:31 (March) 1949 


Fatal pulmonary fibrosis developed in 2 men who had been exposed for many 


years to various dusts, including graphite rhe first, a man aged 59 had been 


employed for 37 years unloading the raw material from barges at the company’s 


wharf; the work was partly in the open and partly in the factory | dust 


was controlled by ventilation. The materials consisted chiefly of mineral graphite 


trom Ceylon and Madagascar, sand and probably clays and other materials for 


the manufacture of crucibles. The second patient, a man of 55 years, was employed 


inside the same factory for 27 years grinding raw materials for crucibles 
These were cases of pneumonoconiosis due to mixed dusts containing graphite, 


free silica and silicates. Massive nodules of silicosis containing ragged cavities 


filled with black secretion were found in both patients. The histologic pattern 


was one of reticulation and nodulation resembling that found in the lungs of 


coal miners. “Graphite bodies” similar to “anthracosis bodies” were present in 
considerable numbers 


he article includes detailed clinical data and is illustrated. ,, 
Buti. Hye, 


STUDY OF THE EXcrrapiLity or RESPIRATORY AND Sy MPATHETIC V ASOPULMONARY 
CENTERS IN Siticorics. D. Marrer, A. Perret and M 


Roce, 
Arch. d. mal. profess. 2:277, 1950, 


Decreased excitability of the respiratory and symp 


athetic vasopulmonary centers 
was observed in silicotics. 


Inhalation of air containing as much as 4 to & per cent 


carbon dioxide was required to stimulate their respiratory 


centers. These subjects 
showed an impairment of chemical and reflex mechanisms regulating respiration 
which interfered with the regulation of pulmonary circulation under stress Fol 
lowing excitation, the pulmonary ventilation diminishes in. silicotic 8s. whereas it 
increases in the normal person 


Silicotics also respond by pulmonary vasocon- 
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striction. This decreased excitability leads to a tendency toward anoxia and 
dyspnea. Decreased excitability of the respiratory center may possibly precede 
radiological evidence of silicosis. It is suggested that such subjects may have a 


redispositix te licost 
a Mary ©, Amour, Cambridge, Mass 


CONCERNING SOME Pneumopatuies Causep py Beryiirum. A. Poricarp and 
L.. Rocue, Arch. d. mal. profess. 11:145, 1950. 


Errect or Siiictrerous Respect to 
or Sriica (Sruicon Dioxipre). L. Med. d. lavoro 40:97 (April) 
1949 
Peretti discusses Policard’s concept of the etiologic mechanism of silicosis. 

According to Policard, the pulmonary lymph exerts a hydrolyzing and lixiviating 

effect on the inhaled dusts of silicdtes. This increases the solubility of the silica 

and consequently the risk of absorption. This process is supposedly similar to the 
lixiviation of rocks containing mineral silicates which occurs in the soil under the 
influence of water and moist air. Peretti does not agree with Policard as regards 
the mineralogic and petrographic aspects, but he believes that the changes which 
the silicate minerals undergo and the solubility of their silica contents in the soil 
are the opposite of those occurring in the lung tissues. The risk associated with 
free silica dust is independent of the presence of silicate minerals which exert 
rather an inhibitory effect on the solubility and on the toxicity. The dangerousness 
of dusts of silicates seems to be related to their crystalline structure; the minimum 
and the maximum dangerousness coincide with stereochemical structures which 


involve minimum and maximum contents of silica 


There is no proof that silica and silicate dusts which have been exposed to 


atmospheric agents for long periods and consequently to natural lixiviation are 
not dangerous, The harmlessness of the siliceous sands of the deserts and of 
the seashores depends chiefly on the size of the granules of which they are 
composed 

The risk invloved in the drilling and grinding of rocks depends on the presence 
of free silica and on the content of silica in the silicates, with the exception of 
rocks in which the quartz is associated with clay, kaolin or chlorides which 
attenuate the effect of silica. 

Clinical and anatomicopathologic studies of the lungs of workers employed 
in work on silicates which do not contain free silica and comparison of the 
results of these studies and those of studies of genuine silicosis will reveal whether 
or not there may occur silicatoses different from silicosis. These studies will also 
show whether or not one may retain the concept that the toxicity of silica is 


related to the degree to which the element is soluble in the pulmonary tissues. 


Tue PNeumonocontosis Causep py Diatomaceous EartH FROM THE FRENCH 
Deposits or Kersercuar: A CrinicaLt, RApIoLocIcAL, AND EXPERIMENTAL 
Stupy. P. Luton, J. Caamperx and P. Faurs, Arch. d. mal. profess. 10:217 
1949 


PROFESSIONAL DerMatoses. Prerro Med, d. lavoro. 41:136 (April) 1950 


The regular use of barrier creams reduced the incidence of acne and folliculitis 


among workers exposed to cutting oils in a machine shop, reduced the incidence 


: 
4 
3 
a 
i 
id 
| 
7 
tings 
4 
* 


ABSTRACTS FROM CURRENT LITERATURE 607 


of ulcers and chromium dermatitis among workers in a chromium-plating depart- 
ment and also reduced the incidence of an eczematoid skin disease among workers 


employed in a varnish-spraying department From Autnor’s SumMARy. 


Leap Porsoninc IN tHE Porrery INpUsTRY. V D’Onorrio, Rassegna med. indust. 
18:155 (July-Aug.) 1949, 


The literature on the subject of lead poisoning in the pottery industry is 
reviewed, and special note is taken of the improvement brought about by substi- 
tuting fritted lead for the soluble compounds formerly in use. Lead potsoning 
was recently found in seven of 22 young women employed in applying lead glaze 
to articles of pottery mosaic and placing the sprayed articles. The glaze contained 
about 40 per cent lead as the borosilicate, and lead absorption was due to inhalation 
of a fine dust from the dried glaze 

The chief symptoms and the clinical and laboratory findings are given for 
each case. All seven patients suffered from abdominal colic, and one of them, 
atter 18 months’ work, underwent appendectomy, but the colic returned a few 
months afterward. Anemia of a secondary hypochromic type was present in 
5 patients; basophil stippling of erythrocytes and moderate leukopenia, with relative 
lymphocytosis, were present in all Typical lead colic accompanied by dy spepsia 
and constipation oceurred in all, and four had pyrexia. Roentgenologic examination 
showed a spastic condition of the colon Coproporphyrin was in excess in the urine 
ot 6 patients. In none was a lead line found on the gums. 

Preventive measures are discussed, especially with reference to the use of 
low solubility glazes, and periodical medical supervision. 


Respiratory Tracts oF ALABASTER WORKERS or Vourerra, Iraty. M.S. Man 
FREDI, Sett. med. 37:193 (April 30) 1949 


\ clinical and roentgen study and tests of the respiratory functions were made 
on 30 normal workers in alabaster They were between the ages of 30 and 40 
and had worked with alabaster since early youth, The respiratory tract showed a 
moderate chronic bronchitis with emphysema 


J. A. M.A. 


InpustTRIAL Diseases or Dicestive TRACT AND or Certain Structures. D. 
PARREIRAS, Med. depor. y trab. 14:2798 (Sept.) 1949, 


In this general article Parreiras directs attention to the incidence of cancer 
and other industrial diseases of the digestive tract as consequence of work. 


Work PuLMonary Tusercucosis. E. Dem arco, Med. depor. y trab. 14:2846 
(Oct.) 1949. 


InpustrIAL Diseases or THE Resprratory Tract. D. PARREIRAS, Med. depor. 
y trab. 14:2888 (Oct.) 1949, 


PREVENTION OF SILicosis AND TUBERCULOSIS tN Dusty INpustries. Tue Work 
OF THE NaTIONAL IvstiTUTION FOR THE PREVENTION or Acctpents (E.N.P.L) 
AND THE MILAN INoustRIAL CLINIC ON Mass MINIATURE RADIOGRAPHY IN 
1948. E. C. Viciiant, Boll. Schermografico 2:55 (March-April) 1949, 
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Putmonary Disoxrpers 1s Workers Exposep to Corunpum (ALUMINUM 
Oxiwe). M. Scuwettnus and H. Krernsorc, Deutsche Ztschr. f. d. ges. 
gericht. Med. 39:577, 1949. 


Schwellnus and Kleinsorg point out that alumina (corundum or aluminum 
oxide) was widely regarded as harmless until Goralewski, and later others, called 


attention to pulmonary changes in those who worked with this substance. The 


investigations reported in this paper were undertaken when many pulmonary 


disorders, including fatal ones, occurred in a plant in which aluminum oxide was 


produced. 


After briefly outlining the process by which aluminum oxide is produced, the 
authors describe studies on 51 workers. Since 14 had been employed for only 
a short time, only 37 are considered in the study. Twenty-one of these 37 were 


free from pulmonary changes; in 7 roentgenoscopy revealed pulmonary dust 


deposits in the lungs; 5 patients showed severe diffuse pulmonary fibrosis, and 


in 1 of these the fibrosis was combined with tuberculosis; the remaining 4 had 


chiefly tuberculous pulmonary lesions. A table indicates which of these men were 


working in the smelting process, which in the grinding process and which in 


other operations 


The authors deplore the fact that as yet the pulmonary lesions caused by 


aluminum oxide are not included among the occupational diseases covered by 


compensation. They feel that this entails hardships which should be rectified. 


The forensic evaluation of the tuberculous lesions observed in workers producing 


aluminum oxide likewise involves difficulties. However, the increased incidence 


§ of such lesions and their rapid course indicate that the pulmonary changes 


produced in corundum workers favor the destructive process of the tubercle bacillus 


H 


LANGE 


Prtntinc INpustry AND Hazarps or Leap Porsonine Monatsschr 


f. Unfallh, §2:109 (April) 1949. 


According to Lange, it is an erroneous concept that printers are running a 


particular risk with respect to lead poisoning in their occupational work. Lead 


is a very soft meta! with a melting point at about 327 C. Appreciable volatilization 


occurs only at temperatures of 550 ( The temperature of the metal bath in 


printing shops is in general about 250 to 300 C., which is sufficient for the hque- 


faction of lead for letters, lines or plates. Lead vapors cannot be formed during the 


founding of lead types, since vapors may develop only at temperatures of 550 C. 


and more, and since the melting point of the alloys is below the volatilization 


point. The work of the compositors at the type-setting machine and of the 


stereotypists is, therefore, not dangerous, except where particular circumstances 


prevail. 


Absorption of lead occurs essentially by inhalation of lead-containing vapors, 


dust and smoke. Percutaneous absorption is of no importance, and the same applies 


to oral and gastrointestinal absorption. The compositors at the case are not in 


the position to loosen particles of lead by handling the lead types, because the latter 


are completely smooth and greasy, and they do not have any ridges like the 


lines and types molded with the type-setting machine. The compositors at the 


case do not mold the lead. Melted lead is liquid and does not deposit dust. Refuse 


in the type case does not consist of volatile lead dust but of paint residues. The 


“lead” dust of the type case does not present any hazard to the apprentices who 


occasionally may have to clean the type cases, particularly since this type of 


work has been done nearly exclusively with suction apparatus during the last years. 


| 
| 
| 
: 
el 
| 
: 


ABSTRACTS FROM CURRENT LITERATUR! 609 


The determination of the lead in the blood, the urine and the feces should be 
carried out repeatedly, since the results of a single examination are not always 
reliable. An increase in the number of erythrocytes showing basophilic stippling 
suggests fairly recent lead poisoning. It must be emphasized that single symptoms 
should not be taken into account for or against a disease caused by lead, in the 
evaluation of a certain case. Single symptoms are of decisive importance only 
within the frame of the total picture of the disease 


The cooperative association of the printing trade granted compensation for 
lead poisoning to only six of 250,000 workers employed with 10,000 printing 
shops during the period of 1935 to 1940. That means that there was only one 
case of lead poisoning in a whole year. These statistical data in addition to the 
results of investigation of the hygienic conditions in. the type-setting machine 
and type-founding rooms warrant the conclusion that one cannot speak in general 


of a lead hazard in the printing trade and that the occurrence of an occupational 


disease caused by lead may be possible only under very unfavorable hygienic 
conditions in the shop or with’ definite want of cleanliness on the part of the workers 


Leap ano Hypertension. H. Encet, Neue med. Welt 2:528 (April 15) 1950 


Engel points out that the theory that the majority of the symptoms of lead 
potsoning are due to the vascular effect of lead (either vasoconstrictive or toxic) 


is a clinical theory which has been derived from the observation that there is a 


considerable increase in blood pressure during the acute manifestations of lead 
intoxication 


He reviews the literature on the relationship of lead poisoning and hyper 


tension. While there are contradictory opinions on most aspects of this problem, 


it is almost generally accepted that the so-called “lead kidney” is a hypertensive, 


contracted kidney which differs from other nephroscleroses only in etiology. This 


type of renal disorder, according to some observers. is about three times as 


frequent in lead workers as in persons not exposed to lead 


Some of the reports cited by the author are concerned with the role of the 
age factor and the length of exposure to lead. It has been pointed out that hyper 


tension with or without renal involvement occurs in lead workers only after years 


ot exposure and chiefly in workers of more advanced age. As Teleky has pointed 


out, more information might be obtained on this relationship of lead poisoning 


and hypertension if studies were made on large numbers of lead workers who 


have been exposed to lead for over 20 years and who are over 40 years of age. 
SILICOSIS IN MINERS IN THE Rosice-Ostavany Sastn (Moravia), Z. 
Voxac, Casop. lék. Cesk. 88:618 (June 3) 1949, 


Roentgenograms were taken of all the workers in a coalpit who had been 


employed for more than 10 years, those working for more than 2 years in drill work 
and those showing tuberculous lesions of the lungs on 
number examined was 597. 


screening. The total 
Twenty-nine per cent were found to have silicosis: 
in more than three fourths of these the disease 


was at the first stage or earlier 
Tuberculosis was found in 9,7 per cent 


of the examined workers and was five 


times more frequent in men in whom silicosis was also present than in men free 


trom this disease) The high incidence of silicosis was due to the dusty character 
of the coal and to the use of pneumatic coal picks. No preventive measures 
are taken when new employees begin work 


From [NpustRiAL Hyciene Dicest 
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EXAMINATION OF Spectat Rererence To Oxyoen O. Leno 
TAN, Pracovni Lékafstvi 2:61, 1950 


In view of the great scatter of the relative oxygen debt in normal healthy persons 
and in view of the difference in the norms according to the working conditions 
of the examined group, it is necessary to treat results obtained by this method of 
examination with great reserve, Under no circumstances should the oxygen debt 
be used alone to estimate respiratory deficiency. The behavior of the oxygen debt , 
allows only an estimation of the over-all respiratory and circulatory factors, as well 

as al) other factors influencing the working capacity of the individual 


ADAPTATION OF AUTHOR'S SUMMARY, 


Asnesrosis Prosiem K. Hotom As, Pracovni Lékafstvi 2:69, 


1950 


THe 


At present not a single case of asbestosis of the lungs has developed in the 
three plants in Slovakia which have been investigated. This is due to the fact 
that the majority of the workers were exposed to dust containing asbestos fibers 
for relatively short periods only The type of working process in these plants 
might also be of importance; raw and wet asbestos is used, allowing only relatively 
long and less noxious asbestos fragments to be suspended in the working atmosphere 
Control examinations after longer periods of time will show whether certain sus 
pected roentgenologic findings have an anatomic basis due to asbestos or were due 


t ther cause 
ApArTation of AuTHOR’s SUMMARY. 


Vanapium Pentoxipe Dust A CLINicaL AND EXPERIMENTAL INVESTIGATION 
or Irs Errecr Arrer INHALATION. Sven-GOsta SyOrere, Acta. med. Scandi- 
nav., 1950, Vol. 138, Supp. 238 


Sjoberg presents a comprehensive study of the problems arising from inhalation 
of vanadium pentoxide dust. The clinical material used consisted of a group of 36 
workers engaged in the production of VO. all of whom showed symptoms in 
varying degree, These patients were under the author's close supervision for more 
than a year. Most characteristic are the respiratory symptoms in the form of 
irritation of the nose, pharynx and larynx and of the bronchi with symptoms of 
bronchitis. Acute pneumonic changes in the lungs may also be present. A slight 
irritation of the conjunctiva is observed. No digestive disorder nor any severe 
damage to kidney or liver was noted. Chemical analyses showed increased con- 
centration of vanadium in both blood and urine. This increase may be of use 


in differential diagnosis. A detailed discussion is given of all phases of the very » 
complete clinical study. Symptoms generally appeared within a few days to a week 
after exposure. The duration of the disease varies from a few days to more than 
two months. Two weeks was the average duration where sick-leave was required. 
Treatment was mostly symptomatic. 

Analyses of the quantity and chemical composition of the dust in the factory 
showed that the maximum concentration of vanadium present would have been 
6.5 mg./M%, The best prophylaxis is obviously elimination of dust. The measures 
taken to this end are described. The handling of vanadium compounds without face 
masks is no longer permitted, and air pressure masks are worn in all processes likely 
to involve formation of dust. Strict personal hygiene is enforced, and workers are 
under medical supervision. 

The second part of the paper deals with experiments in which rabbits were 


exposed to V»O, dust of known concentration. High concentrations inhaled for a 
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short period may have a fatal effect, mostly in the form of edema of the lungs 


This was the case when rabbits were exposed to 0.205 mg./l. for 420 minutes 


(concentration & time == 8). These short exposures produced acute changes in 


: the respiratory tract and acute bronchopneumonia, which, after some weeks’ recov- 
ery, appeared as chronic changes in the form of atelectasis and beginning 
emphysema. Low concentrations inhaled for long periods produced chronic-inflam 

. matory changes in the respiratory tract and bronchopneumonic-atelectatic changes 


The dust is fairly rapidly absorbed from the lungs and has no fibrosis-producing 


effect. The animal experiments agree with the clinical observations 


Mary O. Amour, Cambridge, Mass 


Serum Copper iN Metac-Fume Fever. G. R. Wattoren ano O, Gorratow, 


Nord. med, 41:764 (April 29) 1949 


Wallgren and Gorbatow studied 20 patients with symptoms indicating metal ¢ 


fume fever. Seventeen of them were employed in the copper industry, and three 


worked with zine or brass. Typical metal fume fever was observed in 13, whereas 
seven had only mild or indistinct symptoms. The mean figure of 126 + 11 micro- 
grams per 100 cc. is taken as the basis for the evaluation of the serum copper values 


obtained. In eight of the 13 cases of metal fume fever, serum copper exceeding 


160 micrograms per 100 cc. was noted—this is definitely pathological. In three of 


the remaining five cases, in which the serum copper values were normal, the symp 


toms were caused by zinc. The increased serum copper values are assumed to be 


the direct result of inhalation and absorption of copper dust. Particles of metallic 
and oxidized copper are present in the dust of the factories. The serum copper 


determinations were performed according to the carbamate method 


ADAPTATION OF ENGLISH SUMMARY. 


Industrial Toxicology 


Sareé or Fruorine Cuemicacs. Henry C. Miter, Chem. & Engin 
News 27:3854 (Dec. 26) 1949 


IMPORTANT ORGANIC INSECTICIDES PuystotocicaL Errects anp Succestep 


TREATMENT. J. WALTER Hoven, Indust. Hyg. Newsletter 10:10 (April) 1950. 


DETERMINATION OF PARATHION IN Atk. Russet Frazer, Indust. Hyg. News- 
letter 10:4 (April) 1950. 


DraGNosis AND TREATMENT OF OccUPATIONAL Metat Porsontne LEONARD 


GREENBURG, Month. Rev., New York State Dept. of Labor 28:41 (Nov.) 1949 


This article is intended not as a comprehensive survey but as a means of stimu- 
lating the practicing physician's recognition of metal poisoning. The author 
summarizes the major toxic manifestations of arsenic, cadmium, beryllium, mercury, 
manganese, chromium and selenium and reviews general methods of therapy. He 
stresses and illustrates the importance of obtaining a complete occupational history 
in suspected cases Bertranp C. Kriete. Boston. 
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Med. & Surg. 19:49 (Feb.) 


Toxicrry or Ozone. Crark E. Tuorp, Indust 


1950 


The 


This paper presents original observations relating to the toxicity of ozone 


Because of the discovery that a 
widely exceeds in toxicity either 


Such a 


coordinated with published work of others 
mixture of oxides of oxygen and nitrogen 
alone, the point is made that a toxicity scale 
chart is formed and presented, giving various symptom zones plotted against 
Concentrations of pure ozone below 


for pure ozone is needed. 


duration of exposure and concentration 
50 p.p.m. (by weight in air) are said to produce no cumulative toxic effects. 
For toxicity the same treatment is recommended as for other gaseous oxides 
The bibli- 


and is discussed. Precautions in handling liquid ozone are described. 


ography contains 98 references. 


Joun D. Rosuck, Boston. 


Earty Detection or Benzene Toxicrry. Lamson Braney, Indust. Med. & 


Surg. 19:227 (May) 1950, 


The method of examining employees of a plant using benzene as a solvent is 


\ thorough history is obtained from each employee and a physical 
Since 1948 only 3 cases 


discussed 


examination with a complete blood count is done on each 
have been found in which a change in blood counts warranted removal from 


exposure. Careful atmospheric studies are made, as well as determinations of 


urinary organic sulfate, every three weeks. In the factory discussed, the con- 
centration of benzene in the air has been well below the maximum allowable, 
which is 35 p.p.m., and little evidence of benzene intoxication has developed 

R. K. Funknovuser, Cleveland 


INTOXICATION IN ITALY. ENRICO 


19:240 (May) 1950 


OpSERVATIONS ON CARBON DisULFIDI 
Victiant, Indust. Med. & Surg 


CARLO 


One hundred cases of carbon disulfide intoxication are reported, which occurred 


in the years 1940 to 1942, in large plants manufacturing synthetic textile fibers 


In many cases symptoms developed after just a few months of work—in 17 


cases, after less than six months, and in 41, after less than a year. 


cases occurred in the processing of 


In the majority of the the 
staple fiber and particularly in the washing and desulfuring of the fiber. 


potsoning 


rhe frequent manifestations were: polyneuritis, in 88 cases; gastric disturbances, 


in 28: headache and vertigo, in 18; sexual disturbance, in 16; myopathic changes, 


tremors, in 15; pyschoses, in 6; extrapyramidal disturbances, in 3; optic 


in 15; 
neuritis, in 2, and hemiparesis, in 1 case 


Polgneuritis was observed to be of long duration, often becoming more severe 
CS. was related to the 
It is concluded that “ 


even after the work had ceased. The concentration of 


number, degree and rapidity of the poisonings encountered. 


a level of 0.15 mg. per liter is the maximum allowable, and concentrations of 


0.10 mg. per liter can be considered safe. 


Avutuor’s SUMMARY. 


P-CHLORONITROBENZENE, 2-AMINOPYRIDINE: Toxic 


in INpustrrat Use. R. M. Wartrous and H. N. Scuuttz, Indust. 
& Surg. 19:317 (July) 1950. 


Errects 
Med. 


CYCLOHEX AMINE, 


Symptoms resulting from industrial exposure to cyclohexylamine, p-chloronitro- 


benzene and 2-aminopyridine are described, also the effects of cyclohexylamine 


and p-chloronitrobenzene vapor on experimental animals. 


Cyclohexylamine acts 
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chiefly as an irritant and causes nausea and vomiting in human beings. P-chloro- 


nitrobenzene causes methemoglobinemia and hemolytic anemia in cats chronically 


exposed to levels approximating 3 p.p.m.; it does not affect workers intermittently 


exposed to levels averaging about 14 p.p.m.; 2-aminopyridine, in one case, produced 


headache, nausea, cutaneous flushing and transient hypertension in a subject 


exposed five hours to approximately 5.2 p.p.m. Chemical methods for determining 


J the three substances in air are described 


\uTHOoRS’ SUMMARY 


RERYLLIUM Harker | Harpy, Atomic Energy Commission 


Unclassified Document 569 (Revy.), Tech. Information Bur.. Oak Ridge, 


Penn 


In the March 1950 issue of this journal an abstract of material contained in an 


urticle published in Nuclear Science Abstracts, “Acute and Chronic 


Beryllium 
Poisoning,” by Harriet L. Hardy, was presented, The following abstract repre- 


sents the material rewritten and revised by the original author. 


Dr. Hardy discusses the principal uses of beryllium and the history of beryllium 
toxicity. The current reports of toxicity indicate that the chief effect is pulmonary 


thisease; in addition, involvement of eyes, nose, throat. skin, liver, kidneys, spleen, 


lymph nodes and probably bone have been noted 


In the greatest number of reported cases beryllium poisoning occurred in 


persons working in plants extracting beryllium from beryl ore. The ore, per se 


is not known to cause illness. Serious irritation of the skin may be the only mani 
iestation. However cutaneous lesions contaminated with beryllium may produce 


nonhealing lesions, Conjunctivitis is frequently seen in extracting plants 


Irritation of the upper respiratory tract occurs and may be accompanied by 


bronchitis or a chemical pneumonia if exposure is continued. Earlier several deaths 


due to beryllium pneumonitis were reported, but removal from contaminated 


atmosphere, hospital care and oxygen therapy have made fatalities rare 
Chronic beryllium disease may occur as a result of exposure to small amounts 


after months to seven years. In 120 reported cases patients were ill for an average 


of three years, with complete recovery unknown. The mortality rate was 25 per 


cent. Such cases have concerned fluorescent lamp workers, workers using 


beryllium 
alloys, government laboratory workers and a sm 


all number of neighborhood workers 


The most striking feature of chronic beryllium poisoning is the delay between 


time of exposure and onset of symptoms—eight years or more may elapse. In 


diagnosis the condition may be confused with miliary tuberculosis or sarcoidosis if 


the doctor is not aware of chronic beryllium disease In a few workers who had 
had acute beryllium pneumonitis without further exposure, 
dlisease developed; some workers have 


chests reveal marked changes : 


symptoms of chronic 
no symptoms, but roentgenograms of their 
and there are workers with slight dyspnea on 
exertion, mild asthenia and loss of weight with marked roentgenographic changes 
No specific therapy is known, but supportive care is helpful. 

At present less than 2 ug. of beryllium per cubic meter of air for an eight 
hour day is the recommended concentration to protect against dise 
studies respecting the toxic character of beryllium have been c 
by several groups; however conclusions are difficult to 
mode of action and the exact natur 


ase. Experimental 
arried on in animals 
transpose to man. The 
e of beryllium compounds which cause beryllium 
porsoning remain obscure 

\ select bibliography is appended Arnotp A. Lear, Boston 
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Beryiuiem Symposium, Unrrep Stares Atomic Enercy Commission, AECD- 
1803 (declassified March 3, 1948). Pp. 68. Price 25 cents. Technical Infor- 
mation Division, Oak Ridge, Tenn 


From 


InpustRiaAL Hyciene Digest. 


Dyscrasta Propucen sy Exposures. P. Reznixorr, U. S. 
Labor Standards Bull. 105:91, 1949 


In this comprehensive review of the hematic effects of the various industrial 
poisons, the author first describes the different types of blood cells, their origins 
and their possible abnormalities. He then discusses the effects of benzene (quite 
fully), of lead and other metals, and of chlorinated hydrocarbons (more briefly), 
at several points exploding some common misconceptions. Concerning lead poison 
ing, he points out that the importance of stippled cells is greatly overestimated, 
and he believes that reticulocyte counts are more accurate in the determination of 
abnormal function of the bone marrow. Dr. Reznikoff’s exposition is particularly 
welcome to the layman. Dr. May R. Mayers led the discussion, bringing up the 
subject of the effect of radiation in addition to that of some of the poisons mentioned 


From InpustRIAL HyGiene Dicest. 


Errects of GRANITE ON THE LuNGs or Rats. E. J. Kine, Brit. J. Indust 
Med. 7:37 (Jan.) 1950. 


Phe pathogenicity of a sample of Cornish granite, prepared from dust collected 
from beams and rafters of the working shed of a quarry, has been tested by 
injecting a suspension of the powder intratracheally into the lungs of rats. This 
granite dust, a mixture of quartz, feldspar and mica, induced only a mild reticulin 
reaction, not to be compared with the silicosis induced by quartz 


From tHe AuTHOR’S SUMMARY 


EXPERIMENTAL Propucrion of MALIGNANT Tumours BY BERYLLIUM. PETER 
Nasu, Lancet 1:519 (March) 1950. 


A total of 28 rabbits were given repeated intravenous injections of 1 per cent 
suspensions of beryllium oxide and zinc—beryllium silicate. After an interval of 
9 to 19 months, 5 of these rabbits presented typical bone -arcomas; the exact 
dosage necessary to cause this disease is not known, but one of the animals 
received 200 mg. of zine-beryllium silicate over a period of 2 weeks. The author 
concludes that since rabbits are the only animals in which the bone sarcomas have 
been experimentally produced with beryllium, it may be premature to suggest that 
such tumors may arise in exposed industrial workers 


From Nuc tear Scrence ABSTRACTS. 


Srupres or VARIATIONS OF THE BLoov Prcrure Durinc tHe Course or INHALA- 
TION OF CERTAIN ORGANIC SOLVENTS: EXPERIMENTS ON ANIMALS. J. H. 
Besse, Arch. d. mal. profess. 2:22, 1950. 


Studies were made of the blood of 18 workers who were exposed to a mixture 
ot organic solvents employed in applying cellulose pigments. The solvents involved 
were methyl, ethyl and butyl alcohols, methyl and butyl acetates, methylcyclohexa- 
none, and methylethylketone. The main blood change was a marked drop in the 
number of neutrophilic segmented granulocytes. In some cases this value dropped 
as much as 50 per cent. No clinical or pathologic signs were evident at any time 
In guinea pigs exposed to the vapors of the same mixture of solvents the signs of 


intoxication were striking. Symptoms appeared rapidly and could lead to the 
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death of the animal in a short time. Chronic exposure caused a fall in the number 
of neutrophilic segmented granulocytes, lymphocytosis and lesions of the lungs, 


the testicles and the adrenal glands Mary O. Ampur, Cambridge, Mass. 


Soptum TuHtomatate (CoNTAINING THE SuLPHYDRYL Group SH) Usep as a 
SUBSTANCE TO Prorect AGAInst Potsontnc py MERCURY, Arsenic, Leap 
AND HALocen Hyprocarsons, M. F Meroincer, Arch. d. mal 


10:42, 1949 


pre fess. 


Rabbits were employed to test the value of sodium thiomalate as used against 
Various poisonings The following deductions are drawn Sodium thiomalate 
was found superior to formaldehyde sodium sulfoxylate and 2. 3 dimercaptopropanol 
(BAL) in protecting against mercurialism. It was superior to BAL in preventing 


and curing arsenical poisoning. It gave protection against a toxic dose of lead 


acetate administered intravenously. It also exerted a protecting 


influence against 
poisoning by carbon tetrachloride 


In addition to these protecting powers sodium ; 
thiomalate exerted a diuretic action in the rat when a dose of 6 mg per hundred : 
grams of body weight was injected subcutaneously Chese experiments definitely : 
indicate that as a protective agent sodium thiomalate is superior to its thio-acid : 
homologs 


\erer FE. Conus 
Intoxication. Ren& Trunavut, Arch, d. mal. profess, 11:158, 1950 


Truhaut reviews the subject and supplies 74 references through 
1949. He includes the etiology of acute and chronic 


December 
beryllium poisoning, the 


metallurgy and the industrial uses of the element and of its compounds, prophylaxis, z 

and the toxicologic analysis of both air and biologic materials containing beryllium. : 
B. H. Ampvur, Cambridge, Mass 

METHEMOGLOBIN-PropucING Porsons 1n INpUsTRY. P. Cuframy, Semaine d 

hop. Paris 78:3084 (Oct. 10) 1949, 

The chemistry of hemoglobin and methemoglobin is reviewed. Chlorates, : 
nitrites and nitro and amino derivatives of aromatic compounds can transform x 
hemoglobin to methemoglobin, thus producing anoxia and cyanosis. Measures ¥ 
must be taken in industry to prevent inhalation of these compounds or their 3 


penetration of the skin. Mary O. Ampur, Cambridge, Mass. 


THe Contrisution or THE Brocuemicat Laporatory To THE Discovery OF 


‘ Intoxication. P. Faptant, Semaine d. hop. Paris 75:3093 (Oct. 10) 1949 
This article discusses in a rather general fashion the aid given to industrial 
medicine by fundamental investigations in biochemistry dealing with the mechanism 


4 of action of toxic compounds. Carbon monoxide, arsine, lead, volatile solvents 


and alcohol are used as examples Mary O. Amour, Cambridge, Mass 


METHEMOGLOBINEMIA IN WorKeERS Exposep To Aromatic AMINES. C. 


A NGELERI, 
Med. d. lavoro 40:313 (Dec.) 1949 


The methemoglobin content of the blood of 21 workers of an industry in which 


they worked with amino and nitro derivatives of benzene was determined ace ording 


to the method of Havemann, Jung and Issekutz. It was found that both the 
absolute and the relative values of methemoglobin had increased. In cases of 
methemoglobinemia the values were twice and sometimes four times the normal 


values without causing cyanosis or other objective or subjective symptoms 
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ALTERATIONS IN THe CENTRAL Nervous System or VascuLAR ORIGIN FROM 
Carson Disutrme Exposure. Enrico C. Victtan: and Carto L. 
Med. d. lavoro 41:49 (Feb.) 1950 


Polyneuritis, psychosis and, more seldom, extrapyramidal syndromes were * 
recently the only known neurologic disturbances due to chronic occupational carbon 
disulfide poisoning. In the last five years the authors have observed chronic dit 
fuse encephalopathy occurring in 16 male workers exposed to carbon disulfide in , 


viscose works, Points of significance in all cases were (1) that relatively young 
workers were affected (average age, 45); (2) that these had been long employed 
in the churning, spinning, washing and bleaching departments (average, 20 years) 
with an average concentration of carbon disulfide of from 0.1 to 1.0 mg. per liter 
of atmospheric air, and (3) that the clinical pictures were closely similar: a slow, 
masked onset with asthenia, paresthesia, progressive impairment of gait, and mental 


deterioration sometimes similar to the psychic picture of pseudobulbar paralysis 


During the course of the disease hemiplegia occurred and was sometimes the dom- 


inant feature The nervous symptoms were often complicated by arterial hyper- 


tension, and clinical signs of arteriosclerotic kidneys were noted in 6 cases 


Histologic and arteriographic study of 3 cases showed clear evidence of arterio- 


sclerosis of the meningeal and cerebral vessels with thickening of the intima pro 


ceeding to obliteration of the blood vessels 


It is the authors’ impression that the disease is vascular in origin and probably 


arteriosclerotic and angiospastic in character. 


AbApTeED FROM AUTHORS’ SUMMARY, 


Medicine and Surgery 


Evolution or SMALL PLANT HEALTH SERVICE AS A Private Practice 
E. Rieke, Indust. Med. & Surg. 19:301 (July) 1950. 


ForRES? 


fue Derrorr PLAN vor First Ato AND EMERGENCY MEDICAL SERVICES IN 
Prants. G. Frepertck and Estaer W. Kitmer, Indust 
Med. & Surg. 19:326 (July) 1950 


IxpusrRiaL Hyorene THerarrutics. M. T, Recnrer, Semaine d. hop. Paris 
78:3073 (Oct. 10) 1949 


The therapeutic measures used in the treatment of various types of industrial 


poisoning are given. Poisoning from the following compounds is considered ; 
heavy metals, irritant gases, carbon monoxide, carbon dioxide, hydrogen cyanide, 
hydrogen sulfide, carbon disulfide, methyl chloride, methyl bromide, the benzene 
hydrocarbons, aromatic nitro and amino derivatives, petroleum, coal tar products, 
sulfuric, nitric and hydrochloric acids, the alkali metals, chalk and cement 


Mary O. Amour, Cambridge, Mass. 


\ Case or Carson Disucripe Potyneuritis witha UNusvuat Onset. 
Rassegna med. indust. 18:126 (May-June) 1949. 


P. ZEGL10, 


The patient was a man aged 44 who had been employed for 13 years in the 
manufacture of artificial silk, where he had been exposed to the risk of poisoning 


hy carbon disulfide. During that time he had never complained. of any symptoms 
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reterable to poisoning, and the works physician had found no objective signs of 
poisommg at the periodic examinations of the workers, which were made every 
two months. 

At this time he was admitted to a hospital with symptoms of chronic appendicitis 
of about a month's duration, and appendectomy was performed. General anesthesia 
was induced by intravenous administration of a well known barbituric product 
rhree days after the operation he complained of giddiness, which was aggravated 
by any movement in bed: this symptom continued and delayed his getting up 
until 15 days after the operation. When he did get up, he complained of weakness 
and tingling in the left lower limb; at first this was ascribed to prolonged rest 
in bed, but the symptoms increased. Two months after the operation he returned 
to work and was given light work, in which he was not exposed to carbon disulfide 
Tremor and general weakness continued, and peyehic changes appeared, with 
loss of memory and melancholia. Clinical ¢ xamination showed signs of change in 
the nervous system, which presented a picture of chronic carbon disulfide poisoning 

rhe theory is advanced that the patient was the subject of a subliminal degree 
ot carbon disulfide and that the symptoms appeared as a result of the neurotropic 
action of the narcotic used as an anesthetic on this latent condition. It is suggested 
that before certain anesthetics are administered, an inquiry might be made into the 


possibility that the patient has been exposed occupationally to toxic substances. 


Butt. Hye 


Environmental Conditions 


BeNzeENE Vapor CONCENTRATION IN ENVIRONMENT oF INpUstTRY. 
ANGELO CAPELLINI and Prero Cirta, Med. d lavoro 40:269 (Noy.) 1949, 


Capellini and Cirla determined the concentration of benzene vapors in the 
ambient air inhaled during working hours by several hundred workers who were 
enployed in two plants where pnuematic rubber tubes for bicycles were manufac- 
tured and textiles were impregnated with a rubber solution to make them water- 
proof. A special apparatus was used for the preparation of a solution of 2 parts 
of benzene and 1 part of rubber employed in the manufacturing processes. The 
concentration of benzene vapors in the ambient air of this apparatus was determined 
likewise. The results showed that. the concentrations were higher than the 
maximum allowable concentrations according to Anglo Saxon standards. Hemato 
logic examinations of 22 workers employed in the manufacture of the pneumatic 
rubber tubes, of 10 workers engaged in the process of impregnating the textiles 
and of 5 workers preparing the rubber-benzene solution did not reveal any par 
ticular changes in erythrocyte count, hemoglobin content and leukocyte count which 
could have been attributed to the action of the poison. It is suggested that the 
human organism may be exposed without evident risk to benzene vapors in higher 
concentrations than those considered up to now as being the maximum allowable 
concentrations, 


TRANSFORMATION AS A Factor In Correction. H H. Scurenk, Indust. Med. 
& Surg. 19:126 (March) 1950. 


The transforming of objectionable to nonobjectionable substances without the 
necessity of collection has been successfully applied to the control of atmospheric 
pollutants. The method is limited in general to substances which are readily 


oxidized, and the most commonly used procedure is combustion of malodorous 
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substances. The main disadvantage of the method is cost of fuel. It 1s not antici- 


pated that transformation will have wide application, but for certain problems it 


may be the simplest solution. Several examples of the method are given 


From tHe AvuTHoR's SUMMARY. 


Ventilation, Air Conditioning and Engineering Control 


TuerMaL STANDARDS IN INDUSTRY Report or tHE APHA Committee ON 
Armospneric Comrort. APHA Year Book, pt. 2, p. 131, 1949-1950 


This report defines limits of heat, cold, radiation, humidity and air movement 


within which men can perform safely and efficiently. It also describes practical 


methods for testing and evaluating thermal environment and tor controlling 


occupational heat and cold hazards. The proposed standards are tentative, intended 


for general guidance only. The responsibility for establishing practical standards 
5 I 


for specific situations is placed on the individual industries concerned with heat 


and cold hazards C. P. Yactou, Boston. 


Dust 1s Munxrnc: Irs ForMation AND PREVENTION IN COAL AND STONE 
Worktncs. D. L. Steere, Colliery Guardian 180:563 (May 4) 1950 


This is a general review of the sources and the prevention of dust in coal 


mines. The author lists 14 sources of dust and operations which cause dust to 


become air borne, of which three are natural, i. ¢., slip planes caused by natural 


earth movement, movement of the coal and strata caused by working, and forward 


4 crushing action on the coal ahead of the face. The others are the various operations 


in cutting and transporting coal The various methods of prevention are given 


attention—water and steam infusion, roof control, wet cutting, hand spraying mist 


sprays, consolidation of roadways and dust collectors. Sampling and_ particle 


size are discussed very briefly Dicass 


Canopy Exuaust Hoops. F. A. Tuomas Jr., Heat. & Vent. 47:83 (April) 1950 


In this article Thomas presents the characteristics of canopy type hoods with 


different degrees of interference. A cylindric Pitot similar to that used by Dalla 


Valle was employed for determining velocities. The final equation arrived at by 


Thomas is 


O = 145 


feet per minute, 


where ( is in cubic 


W’ is hood width (or diameter) im feet, 


XY is the distance between the hood and the obstruction in feet, 


lV’ is the velocity on the centerline at the point of obstruction, which may ordi a 


narily be assumed to be the control velocity. 


Results obtained from this equation are compared with the general equation 


developed by Dalla Valle, namely 


where 7 is the perimeter of the tank, 


X is the distance from the hood to the tank and 


I’ the air velocity required to control the contaminant 
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A comparison of these two equations shows that at distances greater than one- 
quarter hood width the deviation between Dalla Vale's equation and the new 
exponential equation is significant 

For values of distance to width greater than 0.3, it is recommended that the 


new equati be emp 
iployed Lestie StLvermMan, Boston 


Movern Practice ror tH RECOVERY oF METALLURGICAL 
\. J. Lasse ann J. J. Donoso, J. Metals 188:792 (May) 1950 


This paper treats of the principles governing bag filtration and the factors 
most directly affecting bag life. Methods for te mperature conditioning of smoke 
previous to filtering are described and the evaluation of bag-shaking mechanisms 
is brought up to date. The nece ssary operating, recording and controlling instru- 
ments include (1) a bag pressure recorder, (2) a flue draft recorder and (3) a 


bag temperature recorder. Chemical analysis is also often necessary 


Ixnpust, Hye. Dicesr. 


Legal Medicine 


Lecat ANNUAL MEETING TRANSACTIONS BuLLETIN No 12, 
Industrial Hygiene Foundation 
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Book Reviews 


Handbook on Aerosols. Atomic Energy Commission, Washington, D, C., 1950 


The material contained in this volume has only recently been declassified by the 
Atomic Energy Commission The text consists of several chapters selected 
from a postwar report by the National Defense Research Committee. Eight of the 
selections are entirely within the aerosol field, and three are concerned with 
related topics, including gas adsorption and meteorology 

The aerosol discussions deal chiefly with fundamental theory and give little 

nformation on the properties of specific dispersions. The chapter by David 
inclair on aerosol stability presents a well organized survey of the general 
characteristics of both homogeneous and heterogeneous dispersions. This section 
includes a theoretical discussion of the response of dispersed particles to gravity, 
brownian motion, and electrical, centrifugal, acoustical, and thermal forces. Sinclair 
also treats exhaustively the optical properties of aerosols and describes in detail 
the Owl and the Slope-o-meter, instruments which may be used to determine 
the particle size of a homogeneous, spherical dispersion. He concludes that the 
use of optical methods to determine the complete particle size distribution curve 
of a heterogeneous aerosol is unfeasible 

Equipment used for the air jet dispersion of preground solids is discussed 
in a short chapter on aerosol formation. In this selection, Sinclair also describes 
an apparatus for producing homgeneous aerosols. Some of the vagaries of this 
device are pointed out later by Gucker, Pickard and O’Konski, who describe 
the apparatus as “temperamental” and “not easily adjusted to give fine smokes.” 
Gueker and associates also review methods of testing smoke filters, with emphasis 
on the construction and performance of photoelectric penetrometers. Of further 
interest in this selection are descriptions of aerosol generators for producing 
diocty! phthalate, methylene blue and triphenylphosphate smokes. The theory 
and the mechanisms of filtration are summarized by W. H. Rodebush, who also 
reviews the performance of a group of filter materials 

The meteorologic selections, both by W. M. Latimer, discuss the general 
principles of that science and the details of selected micrometeorologic instruments, 
including anemometers, wind direction recorders and temperature apparatus. 

“The Adsorption Wave,” by Irving Klotz, consists of a discussion of adsorption 
theory and the steps involved in removing a gas from air by means of a granular 
adsorbent. Klotz concludes that a satisfactory analytic treatment has yet to be 
developed for the case in which no individual step controls, but several contribute 
to the adsorption process 

This volume offers much information formerly unavailable in the literature 
and, in addition, some excellent reviews of previous knowledge. 


K. Boston 


Biological Aspects of Air Pollution: An Annotated Bibliography. By 
H. Heimann, H. M. Brooks Jr. and D. G. Schmidt, United States Public Health 
Service, Division of Industrial Hygiene. Price 50 cents. United Steelworkers 
of America, C. IL. O., Room 1500 Commonwealth Bldg., Pittsburgh 


This contains over 32] abstracts, each of unusual thoroughness and adequate 
in length. It is divided into several sections according to topics—pathological effects, 
individual pollutants, localities which have been studied, sunlight aspects, effects 
on vegetation, sources of pollution, bacteria, weather, historical notes, general 


review and author index 


Detnker, Boston 
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Unexpected side effects sometimes nullify the anticipated benefits of ; 
h antibiotic therapy. With CHLOROMYCETIN, such side effects rarely interfere i 
i with its well-known efficacy in a wide range of disorders. ; 
| 
| Chloromycetin' 
CHLOROMYCETIN is well tolerated. Reactions are infrequent, 
and those that do occur are slight. Interruption of treatment i _ 
because of severe reactions is rarely necessary. : gg 
CE is the only antibiotic produced on a practical 
scale by chemical synthesis. It is a pure, crystalline compound of accurately determined 
jt structure. It is free of extraneous material that might be responsible for undesirable side ; 
effects. Its composition does not vary. These features contribute to the dramatic therapeutic “ 


results which physicians associate with CHLOROMYCETIN, 


PACKAGING: CHLOROMYCETIN (chloramphenicol, Parke-Davis) is supplied in Kapseals® 


of 250 mg., and in capsules of 50 meg 
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PARKE, DAVIS & COMPANY 


MEDICAL RESEARCH COUNCIL 
OF GREAT BRITAIN 


Selected Publications 


Report of the Medical Research Council 
for the Years 1945-1948. $1.25 incl! postage 


Vitamin A Requirement of Human 
Adults: An Experimental Study of Vita- 
min A Deprivation in Man. A Report of 
the Vitamin A Sub-committee of the Acces 
sory Food Factors Committee (Compiled by 
Ek. M. Hume and H. A. Krebs). Special 
Report Series No. 264 75¢ incl. postage 


Researches on the Measurement of 
Human Performance. By N. H. Mack 
worth. Special Report Series No. 268 


$1.00 incl, postage 


Studies in Air Hygiene. By R. B. Bour- 
dillon, O. M. Lidwell, J. E. Lovelock and 
others. Special Report Series No. 262. 
$1.70 incl. postage 
Britisn GoverNMENT Purtications: Se 
TIONAL List No. 12 
A catalogue { the publications of the Medical 
Resear ‘ neil and their vlustrial Health Re 


h 
seare Reoard 


OBTAINABLE FROM 


BRITISH INFORMATION SERVICES 
30 Rockefeller Plaza, New York 20 


“Living Tissue Constantly 
Renews Itself” 


ARCHIVES 
OF 
PATHOLOGY 


CONSTANTLY drawing upon the current 
research and conclusions of outstanding 
workers, ARCHIVES of PATHOLOGY 
presents a searching monthly examina- 


tion of the field... a live report of sig- 


nificant developments as they occur. 
Exhaustive studies of the course of disease. 
Laboratory methods and technical notes. 


Discoveries resulting from chemical and 


biological research, 
Classification and comment. 


Reviews of important current books and 


articles. 


Copious illustrations. 


Authoritative editorial leadership. 


AMERICAN MEDICAL ASSOCIATION 


5 N. Dearborn St., Chicago 10, Mlinois 


Please Begin My Subscription te Archives of Pathology 
with the Next Issue 


M.D 
- STREET 
CITY & STATE 


$8.00 YEARLY 
$6.00 FOREIGN $8.40 CANADIAN 


| FAVOR 
lightfoot 
| 

: | 

| | 


SIMPLE TEST PROVES INSTANTLY 
PHILIP MORRIS ARE LESS IRRITATING 


Now you can confirm for yourself, 
Doctor, the results of the 
published studies* 


HERE IS ALL YOU DO: 


... light upa 
Puitip Morris 
Take a puff - DON’T INHALE. 


Just s-l-o-w-l-y let the smoke come 
through your nose. AND NOW 


... light up your 
present brand 
DON’T INHALE. Just take a puff 
and s-l-o-w-l-y let the smoke come 
through your nose. Notice that bite, 


that sting? Quite a difference from 
PHILIP Morris! 


With proof so conclusive . . . with 
your own personal experience added 
to the published studies* . . . would 
it not be good practice 
to suggest PHILIP Morris 


to your patients who smoke? 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc, 100 Park Avenue, New York 17, N. Y. 


*Proc. Soc. Exp. Biol. and Med., 1934, 32, 241-245; N. Y. State Journ. Med., Vol 
Laryngoscope, Feb. 1935, Vol. XLV, No. 2, 149-154 


35, 6-1-35, No. 11, 590-592; 
Laryngoscope, Jan. 1937, Vol. XLVI, No. 1, 58-60 
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THE FACTS ABOUT SEX 
{lso By MoReeve 
parent or hiihdrer lt 
ANSWERS TO PRACTICAL 
ON MENSTRUATION 
AMERICAN MEDICAL ASSOCIATION By M Bell. 
535 North Cearborn Street 
Chicage 10, il. 


QUESTIONS 


10 cents 


Katherine 


¥ 


SEX EDUCATION FOR THE MARRIED 
COUPLE 


By Emils 
15 cents 
SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Wartman. 12 pages 
Set of 5 titles as above, 50 cents 
GETTING READY FOR MARRIED LIFE 
By Howard Dittrick 29 
ents 
HELP FOR CHILDLESS COUPLES 
By Jb 


Hartshorne Mudd, 12 pages 


pages we 


Wassersug 6 pages. 10 cents 
THE WORD YOU CAN'T SAY 
TURBATION) 


Ry War 


(MAS. 


Lees. pages. 10 cents 
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be read by 
15 cents 


disinfection of instruments is rapid, con- 


enent and effective with Merarnen Disin- 
fecting Solution. In the absence of blood or 
exudate, common nonsporulating pathogenic 
bacteria (except tubercle bacilli) are killed in 


ten minutes, 


Meraruen Disinfeecting Solution does not pro- 


duce heat, fumes or offensive odors, does not 
injure temper, finish or cutting edges of instru. 
ments, and does not irritate skin or tissue. It is 
stable and nonvolatile and leaves instruments 
ready for instant use. Tests made under ofhee 
conditions showed that its potency was not di- 
minished evenafter one month of continuous use. 

I'rvy cold disinfection now with time-saving 
Meraruen Disinfes ting Solution It's available 


through your usual source of sup 


plyin L-quart and |-gallon bottles 
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Completely equipped for 
AIR POLLUTION and HYGIENE SURVEYS 


—anywhere in the field! 


LABORATORY 


BUREAU OF INDUSTRIAL “HYGIENE 


MOBILE 


AIR POLLUTION AND INDUSTRIAL HYGIENE 


Mobile Laboratory 


For public and private organizations concerned with 
atmospheric pollution problems, the M-S-A Mobile 
Laboratory offers every desired facility for the collec- 
tion and analysis of data ‘‘on location.”” The body of 
the unit measures 144" x 74”, with 73” headroom. 


lighting, equipment compartments, base cabinets and 
drawers, propane tanks, fresh water tank, and other 
working essentials. Typical equipment is shown below 
—special meteorological on radiation instruments, 
etc., can also be supplied. 


Built-in are a laboratory sink with fittings, fluorescent 


M-S-A Bectrostatic Sempier 
Twe (2) Midget impingers with « set of 9 aff glass impinger 


Smoke Tube Aspirator and 8 cartons of Smoke Tubes 12 ctr. 


Your inquiries are invited. 


Bunsen Burner 

No. 2 Explosimeter 

16 Unit All Weather First Aid Kit 

Fire Extinguisher 

Twe (2) Ecotite Lanterns end betteries 

Twe (2) 50° lengths #12 simplex tirex cable with fittings and 
adaptor for two prong receptede 

ery 

Transformer, 220 V. input, 110 V. output, 2500 Ww. 

10 Gelion Distilied Water Tank 

Set of Flares and Flags 


_ MINE SAFETY APPLIANCES COMPANY 


BRADDOCK, THOMAS AND MEADE STREETS + 


At Your Service 


PITTSBURGH 8, PA. 


54 BRANCH OFFICES IN THE UNITED STATES ANDO CANADA. 
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M:S-A 

tubes in e case 
Carbon Monoxide Tester 
NO? Detector 
Sempioir 
Hend Operated CO indicator aa. 
Benzol indicetor 
Indicator 


